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'I SECTION I

INTRODUCTION",I

A. OBJECTIVES

The objective of this research is to evaluate asphalt modifiers used in

recycling projects at Tyndall and MacDill Air Force Bases and Hurlburt Field.

The intent was to judge the adequacy of certain physical test results and

compare them to the adequacy of chemical components of modifiers to predict

performance attributes of the recycled pavement. The tentative modifier

selection criteria used in the judgement and variability limits proposed from

an interlaboratory pilot study are included in this report as Appendix A.

B. BACKGROUND

Research indicates that recycled pavements may have less tendency to

crack at low temperatures than virgin mixes (Reference 1). Other research

indicates that recycled mixes harden at a slower rate than control mixes when

measured by resilient modulus (Reference 2). Although no field data have been

collected to verify laboratory findings, the indication is that recycled mixes
may possess certain superior properties over virgin mixes.

Achievement of these improved properties seems to depend on several

factors:

Evaluation of Reclaimed Asphalt Pavement (RAP)

Selection of modifiers

* Selection of virgin asphalt

• Selection of virgin aggregate

The modifier has the greatest influence on binder characteristics,

particularly rheology. Under similar service conditions modifiers which

produce the same initial binder viscosity can affect pavement performance

quite differently during service (Reference 3) and in binder performance 'n

the laboratory (Reference 4).

'pl
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Data presented in this report are based on tentative recycliig agent

selection criteria (Reference 4) used to evaluate recycled asphalt-concrete

from MacDill and Tyndall Air Force Bases and Hurlburt Field. Modifications to

the tentative recycling agent selection criteria and results of variability

"limits development efforts are included in this report.

The Tyndal' recycled concrete materials were produced only in the

laboratory because the Air Force chose to place a conventional mix and sold

the RAP millings to the contractor. The modifiers used at MacDill Air Force

Base and Hurlburt Field were not preselected in accordance with the tentative

modifier selection criteria. The modifiers for the Tyndall Air Force Base

project had been selected to test the criteria.

C. SCOPE

This research was performed under Contract No. F29601-84-C-0080, Subtask

-* Statement 5.07. Various materials were evaluated in conjunctior with the

"objective of the research as shown below:

. RAP

. Asphalt recycling agents (modifiers)

. Virgin asphalt and aggregate

. Reclaimed asphalt

, Reclaimed modified asphalt

, Recycled Asphalt Concrete (RAC)

This report evaluates recycled pavement materials from Tyndall and

MacDill Air Force Bases and Hurlburt Field. The effort was conducted by the

New Mexico Engineering Research Institute (NMERI), Albuquerque, New Mexico.

2



SECTION 11

MATERIALS

Materials evaluated by this research were obtained from Tyndall and

MacDill Air Force Bases and Hurlburt Field. The types of materials evaluated

are outlined below, although not all materials listed may have been evaluated

at each base:

. Drilled cores obtained prior to recycling
• Cold-milled RAP

"" RAP modifiers

AC-IO

AC-20

Recycling agents

. Virgin asphalts

. Virgin aggregates

. RAC

The distinction between RAP and RAC should be clarified. RAP is the asphalt
concrete immediately after milling, before modifiers are added. RAC is the

RAP after modifiers and virgin aggregates have been added. Use of the term

RAC does not necessarily infer the material has been placed as a pavement.

A description of the materials obtained from each Air Force Base (AFB)

and Hurlburt Field follows.

A. TYNDALL AFB

1. Cores

Thirty 4-inch-diameter cores were supplied to NMERI from Runway 13R-

31L by the Air Force Engineering and Services Center (AFESC) project officer

for preliminary analysis. The 30 cores were even-numbered. These cores were
obtained at 385-foot intervals along the runway as represented in Figure 1.

Certain cores were selected from trafficked and nontrafficked runway locations

for special testing described later, These cores are shaded on Figure 1.

3
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13R1003R 4LEGEND

T/WC = Taxiway C

T/C 800005 T/WD = Taxiway D
T/WC 8 15 T/WF = Taxiway F

9 10002 T/WG = Taxiway G

16 0 Odd-numbered cores not

16 tested at NMERI

14 - Cores at even-numbered

17 locations tested at
0000 NMERI

0 Cores specially tested
24 at NMERI as described
0000 T/WD in Section III

22

26
0* 00 1.

28

32 29
0000

385 ft
33 36
0000

40 37
0000

41 44
0000

46 T/WG

00@0

50
0000 T/WF

56
0000

57
0000

31L

Figure 1. Tyndall AFB Core Locations.
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Runway 13-31 consisted of an asphalt-concrete pavement and open-

graded friction course (OGFC) prior to rehabilitation. Cold milling

"operations removed various thicknesses of the old surface, including both OGFC

and dense-graded material, to produce a level base for overlay construction.

This cold-milled material is referred to as RAP. Because of time constraints

no RAP was evaluated for the Tyndall project.

The surface of the pavement consisted of 0.5 to 1.0 inches of OGFC

while the underlying course was dense-graded asphalt concrete. Since the

field RAP included both OGFC and dense-graded materials, both types of

materials were mixed in the laboratory before further evaluation.

2. Modifiers

Three 1-gallon samples of modifiers were obtained by NMERI through

the AFESC project officer. Modifiers consisted of three recycling agents.

The recycling agents submitted for evaluation were petroleum-based products

selected to reflect a broad range of such materials used in western Florida.

Recycling agents are referred to as MBD-A, MBD-B, and MBD-C.

3. Virgin Asphalt

An AC-20 asphalt was supplied to NMERI for evaluation by the AFESC.

This asphalt was to be used in recycled mixtures in case additional virgin

binder was required due to use of virgin aggregate.

4. Virgin Aggregates

Virgin mineral aggregates were added to the RAP in proportions of

30:70, 40:60, and 50:50 for RAP and virgin aggregates, respectively.

Aggregates were described as Alabama limestone.

B. MACDILL AFB

1. Introduction

Two construction phases occurred d•iring work at MacDill. Phase A

refers to reconstruction of Taxiways 3, 4, 7, 9, 10, 11, 12, 16, and the

5
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junction Taxiways 5 and 36. Phase B refers to work on the connecting taxiway

between Taxiways 7 and 36, Taxiways 4 to 5, between Taxiway 5 and the south

apron, north and south aprons, and part of the junction between Taxiways 5 and

36.

2. Cores

Fourteen 6-inch-diameter cores from Taxiway 7 were supplied to N1ERI

by the base personnel. These cores were obtained from six locations as shown

in Figure 2.

All cores were obtained from the Taxiway 7 pavement after recycling

operations were completed in Phase A.

3. Milled RAP 
-

All RAPs studied were supplied to W#lERI by base personnel from Phase

B of the reconstruction effort at MacDill. Two types of RAP were supplied.

"In-use RAP" refers to material recycled and replaced in the pavement.

"Rejected RAP" refers to RAP not recycled for further use. Aggregate in the

rejected RAP consisted of gray slag. This material was identified during

Phase A reconstruction as a source of excessive fine material in the original

pavement.

4. Modifiers

AC-1O and AC-20 virgin asphalts, identified here as MBD-D and MBD-E

and two recycling agents, MBD-F and MBD-G, respectively, were supplied to

NMERI by base personnel. All four modifiers were used during Phase A

reconstruction. MBD-D was the only modifier used during Phase B

reconstruction.

Locations on Taxiway 7 where the four modifiers were used were not

supplied to NMERI.

6
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C. HURLBURT FIELD

1. Milled RAP

The north-south runway was cold-milled between the months of '1ay to

June 1985 and the milled RAP stockpiled. Samples of the stockpile were

obtained for testing by the project officer.

2. Modifiers

Two modifiers were supplied to NMERI through the project officer. ThE

first, Chevron AC 2.5, is designated MBD-2D, and the second, Chevron AC 2.5

containing 0.5 percent antistripping agent, is designated MBD-2DD. Type of

liquid antistripping agent is unknown. The paving contractor reported the

modifiers were from the same source. Full-scale recycling at Hurlburt report-

edly used MBD-2DD.

3. Loose RAC

Loose recycled asphalt-concrete was obtained from a transport truck after

loading at the hot-mix plant. Samples were taken from each of the four quad-

rants of the truck bed. RAC in this truck was placed approximately in loca-

tion TM shown in Figure 3.

4. RAC Cores

Cores of the RAC pavement were obtained by the paving contractor and

supplied to NMERI oy Hurlburt personnel. Seven 4-inch-diameter cores were

supplied to NMERI by base personnel and tests conducted at NMERI in New
Mexico. Seventeen additional cores were obtained and tested by the paving

contractor. Core locations are unknown.

5. Virgin Aggregates

Virgin aggregates added to RAP during recycling are described as S-I

stone, stone screenings, and washed sand.

8
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SECTION III

MATERIALS TESTING

A. SUMMARY

An extensive number of tests and types of materials were evaluated in

accordance with the scope of this project. Therefore, 3 summarv of the tests

performed for each type of material is included below. Cert3in materials were

evaluated or obtained for special purposes; therlore, a descristior is

included when necessary to clarify various aspects of this section.

B. TYNDALL AF'3

1. Cores

"* Bulk and apparent density ASTM D 2726 (Reference 11)

"* Binder extraction ASTM 0 2172 (Reference 11)

"* Binder recovery ASTM D 1856 modified >Reference 5-

2. Core Binder

"* Penetration ASTM D 5 (Reference 17)

"* Viscosity ASTM 0 2171 (Reference 11)

"* Composition ASTM D 2007 modified (References 4,12)

"* Solubility Heithaus modified (References 4,6)

3. Core Aggregates

* Gradation ASTM C 136 (Reference 11)

* Specific Gravity ASTM C 127 and 128 (Reference 11)

4 Modifiers (Virgin AC-20 and Recycling Agents)

"* Viscosity ASTM 0 2170 and 2171 (Reference 11)

"* Composition ASTM 0 2007 modified (References 4,12)

"* Solubility Heithaus modified (References 4,6)

5. Modifiers (Recycling Agents Only)

Weight loss ASTM 0 2872 (Reference 11)

Flash Point ASTM J 92 Reference 11)

I1
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6. Modifier/Core Binder Blends (Before RTFO)

"* Viscosity ASTM 0 2170, D 2171, D 3381

(Reference 11)

"" Penetration ASTM D 5 (Reference 11)

"" Rheology Schweyer apparatus (Reference 7)

"" Ductility ASTM [ 113 (Reference 11)

"• Composition ASTM D 2007 modified (References 1,12)

"* Solubility Heithaus modified (References 4,6)

7. Modifier/Core Binder Blends (After RTFO)

* Penetration ASTM D 5 (Reference 1?)

. Ductility ASTM D 113 (Reference 12)

. Viscosity ASTM D 2171 (Reference 12)

. Composition (References 4, 12)

. Solubility (References 4, 6)

8. RAC

"• Mix design Tentative recycling agent
selection criteria (Reference 4)

"* Density-voids analysis TAI MS-2 (Reference 3)

"* Resilient modulus ASTM D 4123 (Reference 11)

"* Marshall parameters ASTM 0 1559 (Reference 11)

C. MACDILL AFB

1. Cores

"* Bulk and apparent density ASTM D 2726 (Reference 11)

"* Binder extraction ASTM 0 2172 (Reference 11)

"* Binder recovery ASTM D 1856 modified (Reference 5)

"* Resilient modulus ASTM D 4123 (Reference 11)

"* Marshall parameters ASTM D 1559 (Reference 11)

'p11



2. Core Binder

* Same as Tyndall AFB

3. Core Aggregates

. Gradation ASTM C 136 (Reference 11)

4. RAP Binder

"* Viscosity ASTM D 2170, D 2171, D 2281
(Reference 11)

"* Penetration ASTM D 5 (Reference 11)

"• Composition ASTM D 2007 modified (References 4,12)

"* Solubility Heithaus modified (References 4,6)

5. Rejected RAP Aggregates

* Abrasion* FM I T 096 (Appendix D and
(Reference 10)

6. Modifiers

* Same as Tyndal AFB

7. Modifier/RAP Binder Blends

* Same as Tyndall AFB

* Test conducted by Dr. Edees,
University of Florida, Gainsville.

1.2
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D. HURLBURT FIELD

1. Cores

"* Bulk and apparent density ASTMI D 2726 (Reference 11)

"* Binder extraction ASTM D 2172 (Reference 11)

"* Binder recovery ASTM D 1856 modified (Reference 5)

"* Resilient modulus ASTM D 4123 (Reference 11)

"* Marshall stability flow ASTM D 1559 (Reference 11)

2. Core Binder

* Penetration ASTM 0 5 (Reference 11)

. Viscosity ASTM D 2170, 0 2171, 0 3381(Reference 11)

. Composition ASTM D 2007 modified (References 4,12)

. Solubility Heithaus modified (References 4,6)

3. RAP 3inder

" Viscosity ASTM D 2170, 0 2171, 0 3381
(Reference 11)

"* Penetration ASTM 0 5 (Reference 11)

"* Composition ASTM D 2007 modified (References 4,12)

"* Solubility Heithaus modified (References 4,6)

4. Modifiers

"* Viscosity ASTM D 2170, and 2171 (Reference '-,

"* Composition ASTM 9 2007 modified (References 4,12)

"* Solubility Heithaus modified (References 4,6)

5. Modifier/RAP 3inder 3lends (Before RTFO)

"* Viscosity ASTh D 2170, 0 2171, 0 3381
(Reference 11)

"* Penetration ASTM D 5 (Reference 11)

"* Rheology Schweyer apparatus (Reference 7)

13
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"* Ductility ASTM D 113 (Reference 11)

"* Composition ASTM 0 2007 modified (References 4,12)

* Solubility Heithaus modified (References 4,6)

6. Modifier/RAP Binder Blends (After RTFO)

* Penetration ASTM D 5 (Reference 11)

"* Ductility ASTM ) 113 (Reference 11)

"• Viscosity ASTM D 2171 (Reference U.)

"* Composition (References 4, 12)

"* Solubility (References 4, 6)

7. RAC

* Bulk and apparent density ASTM D 2726 (Reference 11)

"* Binder extraction ASTM 0 2172 (Reference 11)

"* Binder recovery ASTM D 1356 modified (Reference 5)

"* Resilient modulus ASTM 0 4123 'Reference 11)

"* Marshall stability/flow ASTM D 1559 (Reference 11)

E. DESCRIPTION

I. Tyndall AFB

a. Cores

The objectives of density testing of cores from Tyndall were to

determine the level of compaction uniformity along the pavement. Thirty cores

were divided into six groups of five representing approximately equal segments

of tne pavement. Density was evaluated by conventional one-way analysis of

variance (ANOVA) to determine if a significant difference in density occurred

along the pavement.

Binder and aggregate from five pairs of cores wvere evaliated as

shown in the previous summary. These five pairs represented trafficked and

nontrafficked pavement areas as shown below:

14
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Core No.

Core Pair Trafficked Nontrafficked

1 12 24

2 14 16

3 22 46

4 26 28

5 50 56

"•-, Extractions of all core pairs was accomplished; however, not all pairs were

evaluated. Viscosity and penetration were measured for Core Pairs 1, 2, and

3, and aggregate gradation was measured for Core Pairs 2, 4, and 5. Inference

statistics were used to estimate differences between the parameters measured

for the various pairs. Composition and solubility test procedures are modifi-

cations of published methods (Reference 6 and 12) . The modifications are

described in Appendices A and B.

b. Modifier/Core Binder Blends

Blends of core binder and each of the three modifiers were

fabricated in the laboratory. All blends were fabricated according to the

Chevron blend chart shown in Figure 4 to produce a resulting blend viscosity of

2000 t 400 poises.

2. MacDill AFB

a. RAC Cores

Six-inch-diameter cores were obtained for NMERI by the base

personnel from Phase A reconstruction. These cores were tested for bulk and

apparent density prior to recoring to a more manageable 4-inch-diameter. The

4-inch specimens were evaluated for Marshall parameters and resilient modulus.

b. RAP

NMERI was supplied RAP from Phase R of the recycling project ýy

base personnel. Since cores were obtained from different pavement features

than from RAP, comparison of RAP properties with core properties is avoiled.

15
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c. Modifier/RAP Binder Blends

Reclaimed RAP binders were blended with MBD-D through MBD-G so

that the resulting viscosity of the blend was 4000 = 800 poises. Proportioning

of RAP binders and modifiers was done using the Chevron blend chart shown in

Figure 4.

3. Hurlburt Field

a. Modifier/RAP Binder Blends

Reclaimed RAP binders were blended with MBD-2D and MBD-20D so

that the resulting viscosity of the blend was 2000 : 400 poises. Proportioning

of RAP binders and modifiers was done ising the Chevron blend chart shown in

Firgure 4.

b. RAC Cores

Two sets of cores are described in this report. The first set,

seven cores, was taken by the paving contractor and supplied to NMERI oy base

personnel. The second set, 17 cores, was obtained and tested by the paving

contractor. The results of laboratory tests of these cores were supplied to

NMERI by base personnel.

17
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SECTION IV

RESULTS

A. TYNDALL AF8

1. Cores

Six groups of five cores each were evaluated for bulk density. The

results of this testing appear in Table 1. Cores are ordered in Table I from

Group I to Group 6 beginning at the top of the column, i.e., Core Number 2

bulk density is 2.211; Core Number 4, 2.135, and so forth.

The ANOVA source table at the bottom of Table I indicates d highly

insignificant F-statistic for groups. This indicates that no significant

difference in bulk density is present between groups of cores.

Because of the small quantity of material available for testing, cores

were combined so that enough binder would be available for testing. To do

this, cores were paired from trafficked and nontrafficked pavement areas as

previously stated. Extractions of the binder from these combined cores

allowed further evaluation by viscosity, penetration, and gradation. Results

of this work are shown in Tables 2 and 3 for certain pairs of cores. These
results seem to indicate that physical properties for combined binders of

trafficked and nontrafficked pavement regions are similar. Confidence

intervals for the mean viscosity, penetration, percent binder, and gradation

are shown in Tables 2 and 3. Note that all measured values lie within the 95

percent confidence limits for the mean of each parameter.

Because of the scarcity of binder, and because binder properties appeared

reasonably uniform, the binder from all cores was mixed. The results of

viscosity and penetration tests of this combined binder appear in Table 2.

2. Modifiers

Results of physical and chemical laboratory tests on the three

Tyndall AFB modifiers are shown in Table 4. Some properties of the virgin AC-
20 are included. Certain recommended limiting values (References I and

Appendix A) are also shown for some of these test parameters to help identify

18
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TABLE 1. TYNDALL CORES, DENSITY ANOVA

Group
1 2 3 4 5 6

2211 2.266 2212 2.218 2.301 2.270
2.135 2.228 2.209 2280 2218 2260
2230 2.129 2.300 2209 2256 2.260
2.230 2.327 2.241 2.210 2.234 2.340
2.220 2.169 2230 2.143 2.300 2.260

Swn = 11.026 11.119 11 192 11.060 11.309 11.390
Avg. = 2205 2.224 2238 2212 2-262 2.278
n : 5 5 5 5 5 5
My-2 24.32 24.75 25.06 24.47 25.58 25.95

CT = 150.06
SS Groups = 002
SS Total : 0.08
SS Error = 0.06

ANOYA

Source df SS mS F F.05

Group 5 0.0205 0.0041 1.750 2.62
Error 24 0.0563 0.0023
Total 29 0.0769
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TABLE 2. TYNDALL CORE PAIR BINDER, PHYSICAL PROPERTIES

Binder

Test Core Pair from rore
Parameter 1 2 3 4 5 pars 1-5

140F,P 23600 24350 24550 n/a n/a 24170
59 C.I. = 22900 to 25400

Penetration,
77F, .Olmm 17 13 13 n/a n/a 13
953 C.I. = 9 to 20

Binder, % 6.1 6.3 5.4 6.0 52 --

95% C.I. = 4.6 to 6.9

Composition:

Saturates, % No data 18.19
Asphaltenes, % for 37.93
Aromatics, % individual 15.2
PoUrs, 3 cores 28.68
Polars + Saturates 1 58
Asphaltenes+Saturates 56.12

Solubility:

Asphaltene Peptizability, (Pa) 061
Maltene Peptiig Pover,(Po) No data 1.13
State of Peptization, (P) for 2.92
Limiting Dilution Ratio, (Xmin) indivdual 1.92
Limiting Titrant Volume, (TO) cores 2.18
Waxman's Cotangent 1.45

200
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TABLE 3. TYNDALL CORE PAIR AGGREGATE, PHYSICAL PROPERTIES

S Pasing • Passing Spec
Sieve Core Pair 95 C. I.
Size 2 4 5 Passing

3/4- 100 100 100 100 1001/2' 97 9 97 97t 1.4 84-100

3/8" 94 91 91 92±4.3 75-93
4 65 66 67 66±2.5 59-73
8 30 45 51 45±26.9 46-60
16 27 32 36 31+11.2 34-48
30 18 22 24 22±7.6 24-38
50 12 14 15 13t3.8 15-27
100 7 7 7 7±0 8-18
200 2.5 2.7 1.9 2.4±1.0 3-6

S.G. +3/8"= 2.732 2.746 2.732
S.G. -3/8"= 2.773 2.808

* From construction specifications, McDill AFB recjcling project, MCD 65-8,
by A. Ravicher, Pl.
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TABLE 4. TYNDALL MODIFIER PROPERTIES

Proerty Modifier Limits, Ref
MBlD-A MBD-B MBOD-C AC-20 in parentbs

before RTFO:

Viscosity, 100F, P 22594 8393 1545 -

Yiscosity, 140F, P 581 276 65 1815 1.0 (min)(3)
Yiscosity, 212', cSt 1470 957 342 - 15.0 (mmX)(3)
Viscosity, 275F, cSt - - - 336
Slope Logvis/LogTemp 8.86 8.10 7.10 -

after RTFO:

* Viscosity, 140F, P 1166 480 87 5254
Penetration, 77F, 0.01 mm - 42
Weight Loss, % 029 0.26 0.17 2.89 1.0 (maxX3)
Viscosity Ratio, 2.06 1.74 1.34 - 3.0 (maxX3)(1 3)

*_Composition:

Saturates, % 2322 22.9 22.9 - -

Asphahltenes, % 1721 13.63 9.77 - -

Aromatics, S 16.96 19.44 25.68 - -

Polars, % 42.6 44.04 41.65 - -

Polars e Saturates 1.83 1.92 1.82 - 0.50 (minX3)
Asphalterns+Saturates 40.43 36.53 32.67 - 40 (max)(App. A)

I •Solubility.-:

Asphaltene Peptizabiltty,(P 3 ) 0.66 0.68 0.8 - -

Maltene Peptizing Power,(Po) 1.25 1.21 1.06 - -
State of Peptization,(P) 3,6 1 3.8 5 2• ---------2 - 5K\pp .,A )

Limitin Dilution Ratio,(Xmin) 2.61 2.8 4.22 - -

Limiting Titrant Voiume,(To) 2.91 2.08 4.96 - -
Waxrnan's Cotangent 1.75 2.48 3.55 - -

Note: Viscosity at IOOF and 140F by ASTM D2171
Viscosity at 212F and 27SF N ASTh D2170
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which of the modifiers tested appears the most desirable for recycling

purposes.

Note the viscosity at 140 'F for the recycling agents. Each

satisfies requirements associated with AC-5, AC-2.5, and AC-0.5 for MBD-A,

MBD-B, and MBD-C, respectively.

Some characteristics of modifiers that are important to the recycled

pavement are shown below.

MBD-A MBD-B MBD-C AC-20

"* Slope of viscosity/temperature
curve 202 75 14 13

"* Weight loss, percent 0.29 0.26 0.17 --

" Viscosity ratio 2.06 1.74 1.34 2.89

"" Asphaltenes + Saturates 40.4 36.5 32.7 --

• State of peptization 3.61 3.80 5.22 --

The slope of the viscosity/temperature curve is a measure of the temperature

susceptibility of a material. Low-temperature susceptibility is desirable for

asphalt binders; therefore it should be an important property for recycled

binders. Since it is logical that the temperature susceptibility, and all

other properties, of the recycled binder (reclaimed pavement binder - modi-

fier) would be influenced by the modifier, a modifier with Iow-temperatire

susceptibility appears desirable. A minimum value of temperatdre

susceptibility of a modifier cannot be established within the scope of tnis

effort.

Weight loss is an indication of volatilization of 3 material.

Volatiles are often associated with the maltene phase of an asphalt. Maltenes
are necessary to help prevent early hardening of an asphalt. Therefore, low

weight loss is desirable.

Viscosity ratio is a measure of the increase in hardening of an
asphalt after it is heated in the presence of air. A low viscosity ratio is

desirable because it indicates that the asphalt will become brittle at a

slower rate than an asphalt with a high viscosity ratio.

23
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The quantity of asphaltenes and saturates affects the above

properties in a directly proportional manner except for the state of

peptization. Therefore the lower the value of this parameter, the less likely

the asphalt will harden as it ages.

% State of peptization is a measure of the dispersion of the

asphaltenes in asphalt. High dispersion is desirable because hardening is

accelerated as asphaltenes coalesce.

Modifier MBD-C appears to be the most desirable candidate of the

three evaluated for use as a recycling agent, based on the above.

3. Modifier/Core Binder Blends

The three recycling agents were each blended with extracted and

recovered asphalt from the cores. Each blend contained varying quantities of
recycling agent so that viscosity of the blend lies within viscosity

tolerances specified at 140 -F in ASTM D 3381 for AC-20. Physical and

chemical properties of these blends are shown in Tables 5 and 6. Blends are

identified with the numeral 6 added to the modifier identification, as MBD-36,

for the modifier, MBD-B, blended with core binder.

A comparison of blend properties may indicate which blended material

will have the most desirable performance in the field. Comparing properties

as before:

MBD-A6 MBD-66 MBD-C6

* Slope of viscosity/temperature
curve 15.3 14.9 12.4

Weight loss, percent -- -

V Viscosity ratio 2.07 2.04 1.70

A •sphiltenes + Saturates* 43.42 41.10 42.73

* State of peptization * 2.56 2.37 3.45

Percent modifier 63 50 33

* After RTFO aging

24
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TABLE 5. TYNDALL MODIFIER/CORE BINDER, PHYSICAL PROPERTIES

Property Modifir/Core B*ider Blend AC-20 Spec
"MD- A6 MBM-B6 MBD-C6 ASTM D3381

before RTFO:

Viscosity, 77F, P x E3 252 267 204 -

Viscosity, 1401, P 2073 2019 1676 1600-2400
Viscosity, 275F, cSt 336 326 304 210 (min)
Slope Logfts/LogTemp 9.51 9.52 9.35
Penetration, 77F, 0.01 mm 60 60 69 40 (min)
Pefetr ation, 39-2F, 0.01 mm 33 50 63
Ductility, 6OF, cm 100+ 100.+ 1001+

after RTFO

Viscosity, 140F, P 4286 4127 2844
Viscosity Ratio, 2.07 2.04 1.7

Penetration, 77F 41 43 54
Penetration Retanied, Z 68 72 78
Ductility, 60F, cm t3 25 61

Modif Sr, b blendW eigt 63 50 33
required for 2000P Yiscosity

Note Viscosity at 140F by ASTM D2171
Viscosity at 275F by ASTM D2170

-iscosity at 77F by Schweyer Rheorreter (9)
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After modification, the core binder displays remarkably similar properties

independent of the modifier used. However, the above data suggest modifier

MBD-C produces the most desirable properties when blended with this particular

core binder due to lowest percentage, highest state of peptization, and lowest

viscosity ratio.

4. Recycled Asphalt-Concrete (RAC)

Virgin aggregates, modifier MBD-C, and virgin AC-20 asphalt were

added to aggregates and asphalt from pavement cores to produce RAC. Virgin

AC-20 was added in quantities so that the desired 5.0, 5.5, and 6.0 percent

binder-by-mix weight would result. Core mixtures and virgin aggregate were

mixed at ratios of 30:70, 40:60, and 50:50 by weight to produce RAC mixtures

having the target gradation shown in Table 7. This target is obtained by

using the average gradation of the three core pairs (shown in Table 3) from

the 3/4-inch seive to the Number 4 sieve. The midband of the specification

shown in Table 3 is used for the Number 8 to Number 200 sieves.

Three different virgin aggregate gradations were required to modify

the average core gradation so that the target gradation would result. The

three gradations used are shown in Table 7.

Modifier MBD-C was added to core mixtures so that the resulting

blended binder, after addition of AC-20 to bring the total binder to the

desired 5.0, 5.5, or 6.0 percent values, contained 33 percent MBD-C by

modifier and core binder weight.

Marshall mixture design procedures were used to deter'nine optimum binder

content of the RAC mixtures. Three specimens each at three binder contents

were prepared for each RAC mixture. To produce the three different 'inder

contents, some additional virgin AC-20 was added to each of the mixes.

Therefore, the RAC mixtures contained three types of binders: (1) the core

binder, (2) MBD-C, and (3) virgin AC-20.
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TABLE 7. AGGREGATES USED IN TYNDALL RAC

Core Pairs, Virgti Vtrgin Virgin Target
Sieve Avg. % Aggregate Aggregate Aggregate Gradation,
Size Passing % Passing % Passin Z Passing 9-

30.70 Mixes 40 -60 Mixes 50:50 Mixes Passing

3/4" 100 100 100 100 100
1/2" 97 97 97 97 97
3/8" 92 92 92 92 92

4 66 66 66 66 66
8 45 60 54 57 53
16 31 45 39 42 41
30 22 30 27 29 28
50 13 25 19 22 21
100 7 15 12 14 13
200 2.4 5 3 5 4.5

;.5
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Results of laboratory testing of the three types of RAC mixtures are

presented in Table 8. A graphical representation of this data is presented in

Figures 5 through 10.

The RAC mixtures satisfy all Air Force AFM 88-6 mix design criteria

except air voids. Required are air voids between 3 and 5 percent. The 50:50

RAC mixture at 6 percent binder content is the only mixture evaluated which

meets these criteria. Properties of the mixture at 5 percent binder are as

follows:

. Marshall stability, lb 2300

. Marshall flow, 0.01 in 12

• Air voids, percent 4.0

* VMA, percent 17.9

"* Unit weight, lb/ft 3  150.5

"* Resilient modulus, lb/in2  (x 103) 118

The high voids in RAC mixes, 30:70 and 40:60, are evidently produced by the

higher virgin aggregate percentage. Assuming gradation is not changed, these

high voids could be reduced by increasing binder content above 6 percent.

5. Oven-Aged RAC

Nine Marshall test specimens were prepared using the 50:50 RAC

material described above at 6 percent 5inder. These specimens were oven aged

at 140 OF for 0, 7, 28, 74, and 123 days and evaluated for Marshall properties

and resilient modulus. Testing was conducted so that nine specimens were

tested at 0 days for resilient modulus (nondestructive), and one of the nine

specimens was tested for Marshall parameters (destructive). Thereafter, the

eight remaining specimens were tested at 7 days for resilient modulus, and one

of the eight specimens for Marshall properties. In this way, all specimens

" were finally tested after 123 days. The results are shown in Table 9 and

plotted in Figures 11 and 12.
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Figure 5. Tyndall AFB RAC, Marshall Stability versus Percent Binder.

14

30/70
c 40/60 2

-4S• 50/50
S12 -- /S -

101
8

L I0. -

- I

S.-

4.5 5.0 6.0 6.5

Binder, %

Figure 6. Tyndall AFB RAC, Marshall Flow versus Percent Binder.

31



10 I I

-
•30/70

8 < 40/60
8 .50/50

00

4.5 i5150 5.60 6.5

Binder, %

Figure 7. Tyndall AFB RAC, Air Voids versus Percent Binder.
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Figure 8. Tyndall AFB RAC, VMA versus Percent Binder.
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Figure 10. Tyndall AFB RAC, Resilient Modulus versus Percent Binder.
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Figure 11. Tyndall AFB 50:50 RAC Marshall Properties.
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An interesting trend occurs for Marshall stability and resilient modulus

as aging progresses. There is a loss of stability and a lowering of modulus

at 7 days aging, followed by an increase in both properties as aging contin-

ues. This is evidently due to the softening ability of the modifier. Initi-

ally, at 0 days, no softening has occurred, and properties are unaffected by

the modifier. At 7 days, softening of the reclaimed binder occurs, and

stability and modulus decline. As aging progresses, hardening of the blended

binder occurs, and stability and modulus begin to increase. Marshall stabil-

ity seems to become constant at about 28 days. Resilient modulus has not

leveled off at 123 days.

Binders were extracted after each aging period and evaluated for physical

and chemical properties. Results are shown in Table 10. The results indicate

viscosity to be the only parameter which measures significant changes in

binder properties as aging progresses. A fourfold increase occurs in 140 'F,

viscosity between 0 and 74 days. By contrast, the next most significant

change in any parameter is to To with a 1.44 times decrease. This result

suggests that identification of aging by chemical means may appear to be

inconclusive.

However, a contrasting situation can be cited from the technical

literature. In a study documented in Reference 5, two California asphalts,

coastal and valley, were investigated as follows. The two asphalts had an

original consistency of AC-40 and each was air-blown to about 50,,J00 poises

viscosity at 140 OF. The coastal asphalt reached a blown mean viscosity of

45,559 poises and valley asphalt a value of 49,508 poises at 140 'F. The

resulting aging indices were 10.6 for coastal and I1.1 for valley. Based on

these physical test results one would choose coastal asphalt because it

hardened the least amount. NMERI analyzed these materials for solubility and

found the following for the state of peptization (P): coastal soft (AC-40)

and coastal air-blown had 3.18 and 2.98; valley soft (AC-40) and valley air-

blown had 5.19 and 4.58. Using the P-values, the valley asphalt is more

homogeneously dispersed than the coastal asphalt and hence valley asphalt

would be a better choice than the coastal asphalt. This is because valley

asphalt maintained a higher state of internal dispersion than coastal asphalt

due to air blowing. The significance of this argument is that, although

changes in physical properties may be many times the changes in chemical

properties of an asphalt system during aging, the choice to be mnade may be

influenced by results of a chemical analysis.
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, .TABLE 10. TYNDALL RAG BINDER PROPERTIES

Oven Agi" Period, days
0 7 28 74 123

Viscosity, 140F, P 2072 3597 - 7909 6605
Penetration, 77F, 0.0.1n - - - 33 38
Penetration, 392F, 0.01 mrm - - - 16 18

Composition:

Saturates, S 21.61 22.26 - 21 63 2081
Asphaltenes, X 22.68 22.96 - 24.84 24 84

Aromatics, S 14.61 142 - 13.18 13.51
Polars, 9 41 1 40.58 - 40.36 40.84
Polars e Saturates 1.9 1.82 - 1.87 1.96
Asp:waltenes+Saturates 44.29 45.22 - 46 47 45 65

So•bility •

Asphltene Peptizability,(P a) 0.64 0.62 - 0.64 0-65
Maltene Peptizing Power,(P 0 ) 1-17 1.14 - 1.05 1 01
State of Peptization, (P) 327 3.04 - 2.87 285

Lvnimti•g Diution Ratio,(Xmin) 227 2.03 1.87 185
Limitin Titrant Volume, (TO) 2.44 1.98 - 1.69 1.85
Vaxnn's Cotangent 1.72 1.68 - 1.68 1 78
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B. MACDILL AFB

1. RAC Cores

Thirteen of the fourteen 6-inch cores were evaluated for thickness

and density prior to recoring to 4-inch diameters. The 4-inch versions of the

6-inch cores were then evaluated for Marshall properties and resilient

modulus. Results of this work appear in Table 11. The stability data in this

table are presented for general information purposes only.

Fewer cores were supplied from 'aacjil1 than from Tyndall;

consequently the type of analysis done for Tyndall core density was not

possible for MacDi 11. However, 95 percent confidence limits have been

developed for thickness and density for the 13 cores, and are reported at the

bottom of Table 11. Inspection of these limits and the core data suggest

significant variability may be present 3long Taxiway 7 with respect to

thickness and bulk density. Six of the thirteen cores are outside the

thickness limits, and seven of the thirteen cores are outside the density

limits. Because the locations where various nodifiers were used are

unavailable, the variability in core properties cannot be compared to modifier

properties.

2. RAC Core Aggregates

Seven of the fourteen cores were chosen at random, extracted for the

asphalt binder, and sieve analysis run on the resulting aggregates. These

results are shown in Table 12. The average sieve analysis for the seven cores

is also shown with 95 percent confidence limits applied. Note that aggregate

gradations for cores 4b and 4c are consistently outside confidence limits

applied to the average gradation.

3. RAC Core Binder

The seven cores not evaluated for aggregate gradation were also

extracted and binders evaluated for certain physical and chemical properties.

The results of physical testing appear in Table 13. Chemical test results are

summarized in Table 14.
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TABLE 11. MACDILL CORE PROPERTIES

6 vich Cores: 4 tich Cores:

Core Thikness, Bulk Marshall Marshahl Resilent Modulus Retained

NO. in Density, Stability, Flow, Dry, psi Yet, psi Modulus.
ptf bs .01 in x 1000 x 1000 l

Ia 2.14 133.3 860 27 584 729 125

lb 2.19 136.4 1150 20 412 688 167

2a 2.25 140.4 dar•ged damaged 234 231 99

2A 2.21 138.2 8%0 18 161 245 153

2c 2.10 130.9 710 17 195 326 167

3a 2.53 157.7 1940 25 582 807 139

3b 2.48 154.6 2350 24 477 728 153

4a 2.28 142.1 1210 24 387 646 167

4b 2.13 132.8 damagd damaged 94 151 161

5a 1.93 120.6 680 15 229 259 113

5b 1.74 108.6 520 16 218 474 218

6a 1.93 120.6 1350 19 400 550 138

6b 1.88 117.5 1780 18 714 685 96

9599
Confid 2.00 to 124.9 to
Interval 2-28 141.90

39

'A -.
I,



TABLE 12. MACDILL SELECTED CORE GRADATIONS

SPassw Avg. Spec
Sieve Core No. X Passing
Size )a 2a 3a 4b 4c 6a 6b t95% C.I. Pass"nq

,•3/4' 100 100 100 100 to() 100 100 100 100
1/12" 100K 99 99 99 99 98 98 99t0.64 84-1003
3/8" 93 90 93 98 % 91 93 93±2.6 75-93

4 67 70 67 86 so 67 70 72t7.0 59-73
8 51 54 50 69 64 50 52 56±7.1I 46-60

16 44 47 43 56 53 42 43 47±5.1 34-48
30 34 36 34 46 43 34 33 37±4.8 24-38
50 23 24 23 31 29 24 23 2513.1 15-27

100 11 11 12 9 9 12 12 11±1.2 8-18
200 5.9 6.3 6.4 3.9 4.7 6.8 7.2 5.9±1.1 3-6
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Physical properties appear to be measuring variability between core
binders as shown by viscosity and penetration test results. Ten of 14

core binders have viscosity values outside the 95 percent confidence limits,

and six of the 14 have penetration values, both 77 OF and 39 OF, lying

outside these limits. This is not a surprising result since four types of
modifiers were used as recycling agents on this pavement. Unfortunately, no

data were supplied NMERI regarding specific locations of the four agents uspd.

Therefore no conclusions can be offered relative to the cause of high varia-
bility in physical properties other than this result is probably caused by

changes in agents.

- The properties of the RAP binder are shown in both Tables 13 ano !-I,

denoted as "Control."

Binder content is reasonably consistent. Two measured values lip

outside the 95 percent confidence limits.

Chemical properties shown in Table 14 can be compared to statistics

- for each of these parameters shown in Table 15. Confidence limits nave been
*! prepared for each parameter so that judgment of variability between cores can

be made. Note that the differences evident in physical properties are absent
for chemical properties. This evidence suggests that the chemical parameters
shown here are not sensitive to differences in the core binders, although
physical test results indicate a significant difference exists.

4. RAP Binder

Binder extracted from RAP of Phase B was evaluated for physical and
chemical properties. The results appear in Tables 13 and 14 under the column
heading "Cor..rol." These results appear in these tables for conveni-nce only.

Since RAP binder comes from Phase B and RAC core binders are from Phase A, a
direct comparison is not possible. To do so would require assuming RAP binder
from Phase A has the same properties as RAP binder from Phase B.

5. Rejected RAP Aggregates

Gray slag aggregates from Phase B which were not used in toe
recycling effort were evaluated for abrasion resistance using the modified Los
Angeles abrasion test (Appendix D). Values obtained for these materials are

shown below.
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Sieve Fraction Tested Loss on Number 50 Sieve* Maximum
After Abrasion, % Permitted,

No. 4 to No. 16 25 18

No. 16 to No. 30 39 18

6. Mod, ciers

Results of physical and chemical laboratory tests on the four modifiers

evaluated from MacDill AFB are shown in Table 16. Certain recommended limit-

ing values (References 4 and Appendix A) are also shown for some of these test

parameters to help identify which of the modifiers tested appears the most

desirable for recycling purposes.

Characteristics of modifiers discussed earlier for Tyndall materials

which should also be important to the recycled pavement at MacDill are shown

below.

MBD-D MBD-E MBD-F MBD-G

. Slope of viscosity/temperature
curve Not Determined

. Weight loss, percent - - 0.77 0.47

Viscosity ratio 2.27 2.21 2.09 1.91

Asphaltenes + Saturates 38.65 38.28 38.63 38.08

State of peptization 3.75 3.77 3.22 3.45

These modifiers cannot be juuged precisely like the Tyndall modifiers because

temperature susceotibility and weight loss were not determined for all

materials. Temperature susceptibility could not be determined because no two

equivalent temperatures were used to evaluate all modifiers. Weight loss was

not measured for the AC-I1 and AC-20 because of an insufficient supply of

material.

kNo correlation has been made between modified Los Angeles abrasion results
and ASTM C 535.
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TABLE 16. MACDILL MODIFIER PHYSICAL AND CHEMICAL PROPERTIES

Properlt Modifier Limits, Ref
MBD)-D MBt-E MB--F MW-G in parenths

before RTFO:

Viscosity, 39.2F, P x E+06 11.4 72.1 -

Viscosity, 77, P x E+06 0.51 1.98 - -

Viscosity, IOOF, P - - 3491 4718
Vis-.oit, 140F, P 676 1957 159 197 1.0 (minX3)
Viscositj, 212F, cSt - - 741 821 15.0 (minX3)
Viscosity, 275F, cSt 254 417 - - -

after RTFO:

Visosity, 140F, P 1532 4333 333 377
Weight Loss, S - - 0.77 0.47 1 0 (max)(3)
Viscositj Ratio, 2.27 2.21 2.09 1.91 3 0 (rnaxX3X 13

Composition:

Saturates, 9 15-20 13.03 18.38 17.43 -
Asphaltenes, • 23.45 25.25 20-25 20.65 -
Aromatics, % 23.11 2027 24.68 23.99 -
Polars, • 38.24 41.45 36.69 37.93 -
Polars - Saturates 2.52 3.18 2.00 2.18 O.5(min)-.)
Asphaltenes+Saturates 38.65 38.28 38.63 38.08 40(rmax)(App.A)

Solubity:

Asphaltene Peptizabilht, (Pa) 0.68 0.67 0.70 0.68
Maltene Peptizing Power,(P 0 ) 1.20 1.23 0.97 1.11
State of Peptizatin, (P) 3.75 3.77 3.22 3.45 (A p p. A ,

Lmitm* Dition Ratio,(Xmin) 2.75 2.77 2-22 2.45 -

Limiting Titrant Vokjme,(T 0 ) 2.92 2.97 2.24 2.34
Waxman's Cotangent 2.06 1.98 2.32 215

Note I• Viscosity at 392F and 77F by Schweyer Apparatus(9) Note 2: MBD-D&
Viscosity at IOOF and 140F by ASTM D2171 M4B-E are AC-IO
Viscosity at 212F and 275F by ASTM D2170 & AC-20, resp.
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However, based on the criteria stated before for Tyndall modifiers, the

MBD-G modifier appears the best overall choice for use. Viscosity ratio and

asphalteness + saturates are lowest, and tne state of peptization represents

about the average of the four materials. According to the variability limits

in Appendix A, the above four modifiers may be said to be equally preferable

on a composition and solubility basis.

7. Modifier/RAP Binder Blends

The four modifiers were each blended with extracted and recovered

asphalt from RAP taken from pavements in Phase B of reconstruction. Each

blend contained varying quantities of recycling agent, shown in Table 17, so

that viscosity of the blend lies within viscosity tolerances specified at

140 'F in ASTM D 3381 for AC-40. Physical and chemical properties of these

blends are shown in Tables 17 and 18. Blends are identified with the numeral

5 added to the modifier identification, as MBD-D5, for modifier MBD-D blended

*- with RAP binder.

A comparison of blend properties may give an indication of which

blended material will have the most desirable performance in the field.

Comparing properties as for the Tyndall blends:

MBD-05 MBD-E5 MBD-F5 MBD-G5

. Slope of viscosity/temerature

curve 9.75 9.73 9.87 9.94

o Weight loss, percent - - - -

. Viscosity ratio 2.25 2.31 2.28 2.04

. Asphaltenes + Saturates* 45.82 43.18 47.74 47.17

. State of peptization* 3.11 2.89 2.67 2.90

• Percent modifier 58 78 40 42

*After RTFO aging
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After modification, the MacDill blends display somewhat more varied properties

than the Tyndall blends. The difficulty in choosing the most desirable

modifier lies in determining whether the differences seen between parameters

are significant. In other words, for state of peptization, is 2.67

significantly different than 3.11? If so, for asphaltenes + saturates, is

45.82 significantly different than 47.74? If these values for these

parameters can be shown as significant, the next question involves absolute

value of each parameter. It is known that low asphaltenes + saturates and

high state of peptization are desirable, but, given a conflict between mater-

ials, as in this case, which should be chosen? The outline below may be of

some help.

Parameter Desire Material Which Satisfies

* Slope of viscosity/
temperature curve MBD-E5

Viscosity ratio + MBD-G5

Asphaltenes + Saturates* + MBO-E5

* State of peptization* MBD-05

. Percent Modifier MBD-F5

Deciding upon a modifier is difficult, since all four benefit the

RAP after modification in some way. MBD-E satisfies more parameters than the

others, but are the parameters it satisfies as significant to pavement

performance as the remaining three parameters? If cost is no object, modifier

MBD-F can be eliminated because it satisfies no performance parameters.

Answers to these questions are not available at this writing because

no field performance data exist which could substantiate claims as to which

parameter or combination is the most important.

• After RTFO aging
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C. HURLBURT FIELD ft

1. RAG Cores

Test results from seven cores obtained at Hurl.)urr and provided to

NMERI for testing are summarized in Table 19. Test results of 10 from 17

additional cores evaluated by the paving contractor appear in Table 20. The

NMERI-evaluated core data in Table 19 indicate a substantial variation in

binder content and air voids. Binder content variation ranqes from 4.7 to 6.6

percent for Cores 13 and 23 and Core 17, respectively. Air voids variation

ranges from 1.2 percent for core 17 to 6.9 percent for Core 25. Table 19

indicates the range for the 95 percent confidence limits for the mean of each

parameter and identifies values out of this range. Average Marshall stability

for the seven cores is 1030 pounds with standard deviation of 310 pounds. One

core had a stability of 1665 pounds, well outside the upper 95 percent

confidence limits for mean stability. This same core is also well above the

95 percent confidence limits for resilient modulus before and after water

treatment. The anomoly is that this core has next to the nighest binder

content and next to the lowest air voids. The stability data in Table 19 are

presented for general information and not to invalidate the contractor's data

in Table 21.

Data measured by the paving contractor on I0 additional core discreplnct/

samples compare core density with l3boratory-compacted density of loose nix

representative of in-place materials. These data are presented in Taole 29

and show the relative compaction of the in-place mix. Table 20 shows 95

percent confidence limits for the mean core and laboratory densities.

Compaction percent was not calculated for core or laboratory specimens lying

outside the 95 percent confidence limits for either density parameter.

2. Loose RAC

Data presented in Table 21 are densities and Marshall properties for

loose RAC compacted in the laboratory and tested by the paving contractor.

Notice that average Marshall stability is considerably higher than shown 11

Table 19; however, specific gravity and flow are approximately equal. This

discrepancy in stabilities supports the claim that field and laboratory

Marshalls are not comparable.
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TABLE 20. RAC CORE PROPERTIES, CONTRACTOR EVALUATION

Core Core Loose Mix Compaction,

No. Specific SpecificGrayity GrayN

IE 2.323 2.349 *
V1W 2.349 2.347 *

2E 2.338 2.346 *
2V 2.325 2.356 98.7
3E 2.321 2.356 98.5
3V 2.319 2.362 *
4E 2.338 2.362 *
4V 2.323 2.368 *
5E 2.135 2.355
5V 2.313 2.355 98.2

95%

Confid 2.264 to 2.351 to 98.3 to
Limits 2.352 2.361 98.7
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TABLE 21. LABORATORY-COMPACTED LOOSE RAC, CONTRACTOR EVALUATION

Core Marshall Mrshalil
No. Specific Stability, Flow,

Gravity bs .01 in

1 2.365 2565 16
2 2.349 2285 16

3 2.346 2510 16
4 2.356 2220 15
5 2.362 2580 14
6 2.368 2410 15
7 2.355 2540 14

95%
Confid 2.349 to 2310 to 14 to

Interval 2.365 2570 16
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3. RAC Core Binder

Physical and chemical properties of binders obtained from the seven

cores submitted to NMERI for testing appear in Table 22. Recovered binder

viscosity varies between cores, as might be expected. Core I has the highest

viscosity and correspondingly lowest penetration. Since locations of cores

are unknown, speculation for this difference cannot be made. However, Core
I also had the highest stability and resilient modulus. This comparison
simply suggests that a wide variation in material properties occurs within the

recycled pavement.

4. RAC Binder From Laboratory Compacted Specimens

Physical and chemical properties of binder from laboratory-molded

RAC appear in Table 23. Note that viscosity at 140 OF and penetration at

77 OF match values obtained for Core I from Table 22. This suggests that a

wide variation in physical properties exists for Hurlburt recycled materials.

However, the variation seen tn physicl properties is not present for Chemical

properties. This suggests that a poor correlation exists between viscosity

and penetration and the composition and solubility parameters. Table 24 is a

summary of average compositron and soeubility parameters for Table 22 and

Table 23 materials. Core n was included in the average for one column in

Table 24 and not included in another column. This was done to preclude any

ias ino the isnfant de renceis binder of significantly higher viscosity.

Note the insignificant difference between Cotumn 1 and Column 2 data, Crut an

apparent difference between these and Column 3 data. Core I and other

Column I cores have essentially equam chemical properties (litt3e difference

between Columns I and 2), but Columns f and 2 and Column 3 have dissimilar

chemical properties. This comparison further suggests a poor correlation
exists between physical and chemical properties for the recycled binders at

Hurlburt. However, Column 3 recycled mixtures were reheated in the

laboratory.

This lack of correlation between physical and chemical properties

pinpoints the significance of conducting a thorough preliminary material

analysis to establish the potential for variabilities in the existing pavement

materials. Establishment of a material variability profile can lead to
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TABLE 23. HURLBURT RAC LABORATORY-COMPACTED PHYSICAL AND CHEMICAL PROPERTIES

Property Core 8*'Ker
1 2 3 4

Viscosity, 39.2F, x E06 P 856 768 567 475
Viscosity, 77F, x E06 P 2.0 22 1.8 1.8
Viscosity, 140F, P 24985 30372 25055 27643
Viscosity, 275F, cSt 901 1076 821 976
Penetration, 77F, 01 mm 26 24 27 26
Penetration, 39.2F, .01 mm 14 13 15 13
SDuctility, 60F, cm 5 5 5 5

Composition:

Saturates, % 15.5 15.3 15.8 15.8
Asphaltenes, 34.6 34.8 34.0 34.6
Aromatics, S 16.1 15.8 16.0 15.5
Polars, X 33.8 342 34.4 34.0
Polars ; Saturates 2.2 22 2.2 22
Asphaltenes+Saturates 50. 1 50.1 49.8 50.4

Solkibty:

Asphaltene Peptizabity, (P a) 0.51 0.51 0.52 0.52
Maftene Peptizing Power,(Po) 1.08 1.08 105 1.03
State of Peptization, (P) 2.21 222 2.18 2.13
Limiting tuion Ratio, (Xmin) 1 21 122 1.18 1.13
Linmtinq Titrant Voume,(To) 1.27 1.32 1.27 1.24
Wtaxman's Cotangent 1 .03 ¶ .01 1 .03 1 .02

'I,
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TABLE 24. HURLBURT BINDER CHEMICAL PROPERTIES COMPARED, CORES VERSUS
LABORATORY -COMPACTED

Table 22 Table 22 Table 23

Average v/ Average w/o Average
Composition: Core No. 1 Core No. 1 Table 23

Saturates, % 18.95 19.19 15.60
Asphaltenes, % 28.33 27.54 34.50
Aromatics,5 13.98 13.91 15.85
Polars, % 38.73 39.36 34. 10
Polars - Saturates 2.07 2.08 2.19
Asphaltenes+Saturates 47.28 46.73 50.10

So:,kil•tj:

Asphalte"e Peptizablitty,(P a) 0.56 0.57 0.52
Maltene Peptizing Power,(Po) 1.16 1.18 1 .06
State of Peptization, (P) 2.68 2.73 2.19

Limiting Dilution Ratio, (Xmin) 1.67 1 .71 1.19
Limiting Titrant Volume, (TO) 1.75 1 .80 1.28
Waxman's Cotanjent 1.27 1.28 1.02
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selection of one or a multiple of modifier products to meet the prevail]ing

needs. This approach can assist in closing the gap of disagrement as observed

in this part of the study.

5. RAP Binder

Physical and chemical properties of RAP binder are presented in Table 25.

Extractions of RAP yielded binder content as shown in the table.

6. Modifiers

Results of physical and chemical laboratory tests on the two

modifiers evaluated from Hurlburt Field are shown in Table 26. Certain

recommended limiting values (Reference 4 and Appendix A) are also shown for

some of these test parameters to help identify which of the modifiers tested

appears the most desirable for recycling purposes.

Characteristics of modifiers discussed earlier for Tyndall and

MacDill materials which are also important to the recycled pavement at

Hurlburt are shown below.

MBD-2D MBD-2DD

Slope of viscosity/temperature curve 9.09 9.12

. Weight loss, percent 0.03 0.63

. Viscosity ratio 2.13 2.07

. Asphaltenes + Saturates 40.93 42.77

* State of peptization (Before RTFO) 3.06 2.90

(After RTFO) 2.63 2.77

Based on the criteria stated before for Tyndall modifiers, either modifier

appears adequate for use as a recycling agent. Temperature susceptibility,

asphaltenes + saturates, and weight loss are lowest, and state of peptization

highest, before RTFO for MBD-2D. However, after RTFO, MBD-2D1) has a higher

state of peptization. MBD-2D hardens somewhat more than MBD-2DO, but overall,

properties are similar.
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TABLE 25. HURLBURT RAP BINDER PHYSICAL AND CHEMICAL PROPERTIES

Property Run
1 2 3 Avg.

Viscosity, 140F, P 310024 331458 - 320741
Binder, • 6.64 658 6.68 6.63

Composition:

Saturates, • 20.95
As~haltenes, S 32-23
Aromatics, Z 10.20
Polars, Z 36.62
Polars - Saturates 1775
Asphaltenes+Saturates 53.18

Asphaltene Peptizabilit,(P a) 0660
Maltene Peptizing Power,(Po) 1.04
State of Peptization, (P) 2.64
Liniting D•lution Ratio, (Xmin) 1.64
Limiting Titrant Volume, (To) 153
Waxman's Cotangent 1.58
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TABLE 26. HURLBURT MODIFIER PHYSICAL AND CHEMICAL PROPERTIES

Prowetyj Limints,

MBD-2D rMED-2DO Ref in 0

Before RTFOT:

Viscosity, I00F, P 8133 9719
Viscosity, 140F, P 285 310 >1 (3)
Viscosity, 212F, cSt 1005 1174 >15 (3)
Flash Point, F 615 395* >450 (3)

After RTFOT:

Viscosity, 1401, P 607 643
"Weight Loss, % 0.03 0.63 (1.0 (3)
Viscosity Ratio 2.13 2.07 <3.0 (3)

Composition, before RTFOT:

Saturates, % 20.94 24.20

Asphaltenes, % 19.99 18.57

Aromatics,% 22.82 19-02
:,-Polars, % 36.26 38.22

"-=Polars + Saturates 1.73 1.58 >0.5 (3)
Asphnaltenes+saturates 40.93 42.77 >40( App.A )

Sokubility, before RTFDT :

Asphaltene Peptizability,(P a) 0.64 0.63
Maltene Peptizing Power, (P) 1.09 1.06
State of Peptization, (P) 3.06 2.90 >3.0±0.5
Limiting Dilution Ratio, (Xmin) 206 1.90
Lirntm N Titrant Voume, (TO) 1.87 1.83
Waxman's Cotangent 1.90 1.77

Solubility, after RTFOT:

Asphaltene Peptizability, (P a) 0.61 0.61
Maltene Peptizing Power,(Po) 1 .03 1 .08
State of Peptization, (P) 2.63 2.77 >3.0±0.5
Limiting Dilution Ratio, (Xmin) 1.63 1.77
Limiting Titrant Volure,(To) 1.61 1.85

VI a~xman's Cotangent 1.56 1.51

Test discontinued due to foaming and splattering.
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7. Modifier/RAP Binder Blends

The two recycling agents were each blended with extracted and

recovered asphalt from RAP. Each blend contained 66 percent recycling agent

by weight so that viscosity of the blend lies within 2000 ± 400 poises

viscosity at 140 OF. Physical and chemical properties of these blends are

shown in Tables 27 and 28. Blends are identified with the letter H added to

the modifier identification, as MBD-2DH, for modifier MBD-2D blended with RAP

binder.

A comparison of blend properties may indicate which blended material

will have the most desirable performance in the field. Comparing properties

as for the Tyndall and MacDill blends:

MBD-2DH MBD-2DDH

* Slope of viscosity/temperature curve 9.28 9.41

"* Weight loss, percent

"• Viscosity ratio 2.00 2.36

"* Asphaltenes + Saturates* 45.35 45.49

* State of peptization* 2.77 2.64

Based on the data shown, either modified system would be sufficient and

compatibility between either modifier and RAP binder can be considered

equivalent.

8. RAC Aggregates

RAC Cores were extracted and the gradation of aggregates obtained.

Results of these tests appear in Table 29. Aggregates from the 14 cores

evaluated by the paving contractor also appear for comparison with job mix

formula and specification grading. Note that while exact comparison between

contractor data and NMERI data is not present, a very close relationship

exists. Also, average grading of the NMERI core aggregates and contractor

aggregates meet the specification limits.

* After RTFO aging
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TABLE 27. HURLBURT MODIFIER/CORE BINDER PHYSICAL PROPERTIES

Property Blend
MBD-2DH M3D-2DDH

before RTFO:

Viscosity, 77F, P x E6 7.4 9.5
Viscosity, 140=, P 1685 1924
Viscosity, 275F, cSt 320 334
Slope LogVis/LogTemp 9.28 9.41
Penetration, 77F, 0.01 mm 75 68
Penetration, 39.2F, 0.01 mm 29 28
Ductility, 60F, cm 88 91

after RTFO:

Viscosity, 140F, P 3378 4545
Viscosity Ratio, 2.00 2.36
Penetration, 77F 50 42
Penetration Retained, • 67 62
Ductility, 6MF, cm 20 19

Note: Viscosit at 14OF by ASTM D2171
Viscosity at 275F by ASTM D2170
Viscosity at 77F byj Schveyer Rheometer (9)
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TABLE 28. HURLBURT MODIFIER/CORE BINDER BLEND, CHEMICAL PROPERTIES

Modifier /Core Binder Blend
MBD-2DH MBOD-2•DH

Property Before After Before After
RTFO RTFO RTFO RTFO

Composition

Saturates, % 21.06 20.11 22.38 21.44
Asphaltenes, S 2324 2524 22.26 24.05
Aromatics, % 18.17 17.95 15.69 16.55
Polars, % 37.54 36.71 39.66 37.97
Polars - Saturates 1.78 1.83 1.77 1.77
Asphaltenes+Saturates 44.30 45.35 44.64 45.49

Solubility:

Asphaltene Peptizabibty,(Pa) 0.62 0.61 0.61 0.61
MaItene Peptizing Power,(Po) 0.99 1.08 1.04 1.03
State of Peptization, (P) 2.62 2.77 2.63 2.64
Limiting Dilution Ratio, (Xmin) 1.62 1.77 1 .63 1 64
Limiting Titrant Vohne,(To) 1.67 1.85 1.61 1.53
Waxmran's Cotangent 1.63 1.51 1.56 1.58

.'•
"I
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9. RAP Aggregates

RAP obtained during construction was extracted from asphalt binder and

aggregates sieved to produce the gradings shown in Table 30. Also shown in

the table is the average result of sieve analyses performed by the paving

contractor on a small-scale sample of RAP obtained prior to construction.

Note close comparison on all sieves down to the Number 50 sieve. The finer

contractor aggregates below the Number 50 sieve are apparently due to

differences between small-scale and large-scale milling operations.

N
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TABLE 30. HURLBURT RAP AGGREGATES ,

SPassing

Sieve Test Test Test Avg. Contractor
Size No. 1 No. 2 No. 3 Prelim *

3/4" 100 100 100 100 100
1/2" 98 97 95 97 98
3i/8 96 94 90 93 92

4 86 80 78 81 82
8 73 66 67 69 74
16 63 58 58 60 58
30 49 48 43 47 46
50 26 23 20 23 33
100 12 9 9 10 19
200 6 5 4 5 11

**

Courtesy of Okaloosa Asphalt Enterprises, Inc.
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SECTION V

CONCLUSIONS

A. TYNDALL AFB

1. Testing of cores from Tyndall Runway 13R-31L indicates density of

cores, viscosity of binder from cores, and gradation of aggregate from cores

to be relatively uniform along the runway length.

2. Three recycling agents were evaluated from Tyndall AFB. All three

meet the "Tentative Recycling Agent Selection" criteria and all three came

from a single source.

3. Recycling agent MBD-C appears to be the most desirable of the Tyndall

recycling agents based on certain physical and chemical properties.

4. Asphalt properties were measured for compacted test specimens after

aging in a 140 'F oven up to 123 days. Of the tests performed, conventional

viscosity measurements appear to be the best means to measure changes in the

aged asphalt. Viscosity and penetration may also be better predictors of bulk

changes in asphalt behavior for asphalt aged in the rolling thin film oven.

B. MACDILL AFB

I. Asphalt concrete from Taxiway 7 (Phase A) was rather nonuniform after

recycling based on test results from 14 cores taken at six different loca-

tions. Uniformity was judged based on density and thickness of cores, visco-

sity and penetration of binders from cores, and aggegate gradation.

2. Four recycling agents were used in Phase A reconstruction: one was

used in Phase B recycling. All meet the "Tentative Recycling Agent Selection"

criteria.

3. Prior to blending with RAP binder, modifier MBD-G appeared best suited

for recycling. However, after blending, modifier MBD-D AND MBD-E appear to

influence blend performance significantly better than any of the others. This

is measured by the significantly higher 60 'F ductility before RTFU

conditioning.

6J
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4. Physical tests of RAC core binders appeared more sensitive to changes

in material types than chemical tests.

C. HURLBURT FIELD

1. Modifiers used at Hurlburt met criteria for physical requirements.

This did not meet chemical criteria for asphaltenes + saturates. Both modifi-

ers exceeded the 40 percent limit by 1 percent and 3 percent, respectively,

for MBD-2D and MBD-2DD. However, these deviations are within the variability

limits presented in Appendix A.

2. A large difference was evident between physical properties of RAC

cores and laboratory compacted RAC. The laboratory-compacted materials were

generally stiffer, that is, had higher resilient moduli and Marshall stabili-

ties with equivalent flow values. The difference in stiffness was probably

due to the reheating process in preparing the laboratory-compacted

specimens.

3. Physical and chemical properties of RAC recovered binder do not

appear to correlate well. Where physical properties such as viscosity and

penetration showed differences between various materials, chemical properties

did not. And, when chemical properties suggested differences, physical

properties did not.

D. GENERAL CONCLUSIONS

The results of the effort have indicated that choices of a best-

candidate modifier can be difficultbased on a single set of properties. Also

some of the results have shown that viscosity may be more sensitive to measure

changes during aging conditions of binders than chemical properties.

Discussions with many experts in asphalt chemistry indicate that chemical

changes of even 10 percent can result in substantial changes in physical

properties. Thus, what may appear to be a very significant change in physical

proper-ties numerically may likewise be a very significant change on a chemical

basis.
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Since the modifiers were not chosen using the criteria outlined in

the tentative modifier selection specification, to make any inferences about

performance would be inappropriate. To validate the selection criteria, the

modifier selected should meet the specification before use.

The results in this study have not totally indicated the independent

adequacy of physical tests from chemical tests in evaluating modifiers for hot

recycling applications. Such proof can only be determined from a properly

designed experiment in which variables can be controlled.
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SECTION VI

RECOMMENDATIONS

1. Field testing is needed to verify test criteria for modifiers and

blends of modifiers and RAP binder. Blending RAP binder and modifiers to

equivalent viscosity does not provide equivalent physical or chemical proper-
ties. However, before criteria can be affirmed for other physical and chemi-

cal parameters, full-scale field tests are needed to help identify these other
significant physical and chemical criteria and to help establish limits for

specification purposes.

2. Existing design and construction criteria for RAC are essentially

equivalent to those for virgin asphalt concrete. However, benefits of recy-".1
"cling agents in RAC mixtures have been observed. The incorporation of these
benefits in mix designs is lacking and, therefore, more effort is required to

establish the connection.

3. The blending criteria used in this research assume all RAP binder

combines with the recycling agent to produce the target viscosity. IJnfortu-
nately, no procedure exists to determine if this assumption is accurate.

Certainly, less than 100 percent of RAP binder actually combines. Therefore,

the actual viscosity of RAC binder after recycling may be higher than
designed. This may produce a stiffer mixture than planned, leading to poten-

tially crack-susceptible recycled pavements.

4. Needed is a method to estimate the actual quantity of RAP tinder ,anicý;

combines with recycling agents. This estimate could then be applied to nix-

ture designs so that mixtures with appropriate binder viscosity are produced

in the field.
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APPENDIX A

TENTATIVE MODIFIER SELECTION CRITERIA

A. BACKGROUND

The initial effort from FY 82 through FY 84 involving the development of

a tentative recycling agent selection criteria were summarized in Reference

Al in Table 34. The parameters defined in Reference Al were proposed modi-

fier or recycling agent properties which are to be used to select a modifier

for hot recycling applications. The selected properties were based on:

* Viscosity at 140 OF (60 °C) and 212 OF (100 OC)

* Flashpoint COC, °F

* Weight loss (RTFO/TFO), percent

* Chemical composition properties

. Compatibility ratio (Polars/Saturates)

. Percent saturates plus asphaltenes

Successive efforts in FY85 involved the study of more field-aged RAP

materials from a variety of climates. The binders recovered from the RAP

materials were each blended with a maximum of nine modifiers. Each of the

nine blends was made to satisfy the same consistency level, in particular,

viscosity at 140 'F. Then, each blend was tested for physical and chemical

properties. The physical properties consisted of viscosity, penetration,

and ductility at various conditions of treatment and temperature. The

chemical properties were determined using the modified Clay-Gel and Heithaus

test procedures. These test methods are listed in Appendix B and

Appendix C.

The results from the extended study were used to propose modifications

to the tentative recycling agent or modifier selection criteria to be dis-

cussed in this Appendix. In addition, an interlaboratory evaluation program

was designed to establish variability limits for the parameters contained in

the proposed modifier selection criteria.
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B. VARIABILITY LIMITS DEVELOPMENT

1. Interlaboratory Study

Four laboratories were involved i' ie interlaboratory study in

which various asphalts were tested. The data generated by each laboratory

were used individually to develop an intralaboratory variability statement.

All the data were then assembled and analyzed to develop an interlaboratory

variability statement. Two documents were used in the analysis of data and

in preparation of the variability statements. These were ASTM C 802-80

Standard Practice For Conducting an Interlaboratory Test Program to Deter-

mine the Precision of Test Methods for Construction Materials, and C 670-84

Standard Practice for Preparing Precision Statements for Test Methods for

Construction Materials.

Fifteen bituminous samples were tested by each laboratory, using

the modified Clay-Gel and Heithaus test procedures. The materials consisted

of three samples of each of the following:

Blend prepared by NMERI

" Aged binder extracted by each participating laboratory from the

same RAP

" A NMERI-provided modifier

" A blend prepared by each participating laboratory using tne

same materials, proportions, and conditions

" An extracted aged binder by NMERI from simi lar RAP as in the

second item.

All 15 samples were labeled as: Al, A2, A3, 31, 82, 83, C, 1), E,

F, G, H, I, J, and K. However, all A materials were trie same, all 8

materials were identical, C, 0, F and F, G, and H, is well as 1, J, aind K

were replicates. The sample larel inq was intpndel ) roduce triplicat•

tests wlthout tie Knowledge )f tip test inq personnpI. 7he only :'Yppion

involved test samnpds prepare1 h th. ,rt11pnAj ji rh ory.

'4
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Attachment I at the end of this Appendix lists data compiled,

analyses, and variability statements developed for the modified Clay-Gel and

Heithaus test procedures.

2. Variability Data Discussion

The variability data from the analyses of test results are listed

in Tables Al and A2. Table Al lists the standard deviations (IS) for within

and between laboratory for each of the five materials and for each composi-

tion fraction. Included in Table Al, for comparison purposes, are the

precision limits calculated by using the guidelines given in ASTM D 2007 for

materials whose polar compound percentages exceed 20. All the materials

tested in this study contained polar compounds in excess of 35 percent.

Discussion in successive paragraphs refers to data in Table Al.

When discussion switches to data in Table A2, it is made clear.

The within laboratory standard deviations (IS) for materials A and

B were smaller across the board than the same values for materials C, 0, and

E. Materials A and B were recovered RAP binder and a blend prepared by each

laboratory. The fact that the respective standard deviations are small

suggests that the recovery and blend preparation procedures within each

laboratory were equally controlled. The same observation is made with

respect to the between laboratory IS values for materials A and B.

For material C, which is a NMERI-recovered binder, the IS values

for both within and between laboratory for all fractions except the aro-

matics are nearly equal. There is no obvious explanation for the deviation

in aromatic IS values; however, the latter are still within the range of

calculated values from the ASTM D 2007 procedure.

Material D, a NMERI-supplied modifier, and material E, a NMERI-

prepared blend, display slightly larger IS values than other materials. No

obvious explanation for this result is seen at this time; however, the com-

parison with the calculated values from ASTM D 2007 is still favorable.
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TABLE Al. SUMMARY OF STANDARD DEVIATIONS FOR COMPOSITION DATA

MATERIAL INDEX COMPOSITION FRACTIONS ASTM D 2007-80

ASP SAT ARO POL ASP SAT ARO POL

A WITHIN 0.51 0.50 0.51 0.77 0.80 3.10 4.30

BETWEEN 1.00 1.37 2.22 1.37 ---- 1.10 6.50 6.76

B WITHIN 0.69 0.91 1.44 0.84 0.80 3.10 4.31

BETWEEN 0.98 1.62 2.80 1.78 ---- 1.10 6.50 6.77

C WITHIN 1.57 1.52 2.74 2.00 0.80 3.10 4.31

BETWEEN 1.58 1.56 4.41 2.63 ---- 1.10 6.50 6.77

D WITHIN 2.04 0.66 1.66 1.89 0.80 3.10 4.2i
BETWEEN 2.22 1.22 5.30 3.18 1.10 6.50 6.6?

WITHIN 1.85 1.39 2.15 0.94 ---- 0.80 3.10 4.3.1

BETWEEN 1.97 1.69 4.17 2.75 1.10 6.50 6.7c

A = Proposor/contractor recovered RAP binder ASP - ASPHALTENES

B - Proposer/contractor prepared blend SAT - SATURATES

C - NMERI recovered RAP binder ARO = AROMATICS
D - NMERI modifier (NMERI supplied) POL = POLARS

E - NMERI prepared blend STANDARD DEVIATIONS IN 7'
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TABLE A2. SUMMARY OF STANDARD DEVIATIONS (IS) FOR SOLUBILITY DATA

MATERIAL INDEX SOLUBILITY PARAMETERS

P P P X. T Cot
a 0 min 0

A WITHIN 0.02 0.16 0.06 0.16 0.13 0.14
BETWEEN 0.06 0.32 0.12 0.32 0.39 0.28

B WITHIN 0.02 0.16 0.09 0.16 0.28 0.09

BETWEEN 0.05 0.32 0.14 0.32 0.74 0.16

C WITHIN 0.03 0.21 0.06 0.21 0.29 0.12

BETWEEN 0.05 0.28 0.06 0.28 0.38 0.23

D WITHIN 0.01 0.19 0.07 0.19 0.34 0.08

BETWEEN 0.02 0.17 0.07 0.17 0.37 0.13

E WITHIN 0.05 0.21 0.10 0.21 0.20 0.23
BETWEEN 0.05 0.30 0.08 0.30 0.39 0.29

P - ASPHALTENE PEPTIZABILITY P - STATE OF PEPTIZATION

P -MALTENE PEPTITIZING POWER X - LIMITING DILUTION RATIO
0 min

T - LIMITING TITRANT VOLUME Cot - WAXMAN'S COTANGENT ANGLE
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The calculated limits, based on the guidelines in ASTM D 2007, are

listed in Table Al on the right. The calculated values are for saturates,
aromatics, and polars fractions only. The limits on asphaltenes are not
included because the original materials tested and from which guidelines

were developed, contained less than 1 percent asphaltenes by weight. The

differences between the calculated values and the variability limits may be

due to the following:

The aromatic fraction in D 2007 is obtained by numerical dif-

ference between a theoretical 100 percent recovery and the sum

of saturates, polars, and asphaltenes. In the modified Clay-

Gel procedure, the aromatic fraction is determined

analytically.

*'In ASTM 0 2007 the polar fraction is eluted with a solvent

mixture of benzene/acetone. In the modified Clay-Gel proce-

dure the polar fraction is eluted with toluene/acetone and a

final rinse with methylene chloride.

In ASTM D 2007 the quantity of n-pentane used to separate the

maltenes from the asphaltenes is less than 200 mL. In the

modified Clay-Gel procedure the amount of n-pentane used at

this step exceeds 1000 mL.

Although the solvent type may not play a significant role in the

development of variability and/or precision statements, this factor shoold

be kept in mind when making comparisons. The solvent effect was not part of

this study.

Table A2 lists standard deviations !IS) for the solubility para-

meters determined in this study by the modified Heitnaus method. Fhe within

laboratory IS values for P for all materials tested ranged from 0.01 toa
0.05 whereas for between lhboratory the range is 0.02 to 0.06. The corre-

sponding coefficients of variation are 1.5 to 7.5 percent for within and ?2.5

to 11.0 percent for between laboratory. These results suygest tnat P , tne

ability of asphaltenes to be peptized, can ,oe determined with confidenca.
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The within laboratory IS values for P range from 0.16 to 2.21

whereas for between laboratory the values are 0.17 to 0.32. The coeffi-

"cients of variation ranged from 6.0 to 8.0 percent for within and 5.4 to

12.1 percent for between laboratory. P has been used in the literature to

relate solubility to pavement performance; thus, the low IS values obtained

in this study suggest that this parameter could be determined with

confidence.

The IS values for P are also small. There is not a great differ-0

* •ence between the within and the between laboratory values, which suggests

that the method can he used by different testing organizations and compari-

sons made.

The IS values for T and Xmin should be very close to one another
"because the two parameters represent the same threshold amount of nonpolar

solvent required to destablize the asphalt system and induce flocculation.

However, this was not the case in this study. It is not clear why the dis-

parity appears.

The last parameter is cot 0, which is an indicator of dispers-

ibility. This parameter can range in value from zero to very large numbers.

The larger the value of cot 0, the higher the dispersive character of the

material, and hence, the more desirable. The IS values shown in Table A2

are reasonably small for a potentially large parameter. Thus, the cot A

parimeter can also be determined with confidence.

Considering that there are no published variability limits for tne

solubility parameters determined by the modified Heithaus method, the vil ls

obtained in tnis effort are proposed to be first-order approximations. They

may be used for acceptance of test results when using the tentative recy-

cling agent selection specification until precision limits are esta.,lishe,1.

Determining precision limits will rpquire a thorough round robin test pro-

gram as defined in ASTM D 1749.
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In summary, Table A3 lists variability limits for Clay-Gel and

Heithaus parameters extracted from Tables Al and A2. The values in Table A3

are suggested limits which can be used for acceptance of test results

generated by using either of the referenced test methods.

C. MODIFICATION OF THE TENTATIVE SPECIFICATION

1. Background

The Tentative Specification was first proposed and presented in

ESL-TR-84-47 (Reference Al). This specification consisted of physical and

chemical properties which were identified to be characteristic of a suitable

modifier for hot recycling applications. The specification has the following

attributes:

a. It is generic in that it is developed using test results on a

broad range of modifiers compared to developing a specification on the basis

of regional products. The products of reference in this study and this

specification are petroleum-based.

b. The specification takes into account the physical and chemical

properties of the modifiers.

c. This specification attempts to account for the respective sen-

sitivity of eac•I aged asphalt to the action of a modifier by proposing that

the -equired polar/saturate ratio of a modifier should he greater than or

equal to twice the asphaltene fraction of the recovered RAP binder. Along

with this compatibility constraint is the requirement that a modifier should

not contain asphaltenes plus saturates (A+S) in a percent exceeding 30. It

was observed that some aged asphalt systems were very sensitive to the

action of modifiers with a saturate content exceeding 30 percent. The sensi-

tivity referred to in this discussion was measured by a viscosity aging

index which is defined as:

'/iscosity aging index =viscosity of aged residue (RTFO)
viscosity of unaged residue
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TABLE A3. SUGGESTED VARIABILITY LIMITS FOR CLAY-GEL/HEITHAUS PARAM\ETERS

ITEM INDEX STANDARD DEVIATION COEFFICIENT OF VARIATION

is D2S %is %D2S

COMPOSITION
ASP single operator 0.98 2.77 3.9 10.9

multiple operator 1.61 4.56 6.1 17.3

SAT single operator 0.71 2.01 4.2 12.0

multiple operator 1.56 4.34 8.7 24.6

ARO single operator 1.16 3.28 6.2 17.4

multiple operator 3.77 10.66 21.8 61.8

POL single operator 0.93 2.62 2.5 7.1

multiple operator 2.30 6.51 6.2 17.4

ASP+SAT single operator 1.69 4.78 8.1 22.9

multiple operator 3.17 8.90 14.8 41.9

SOLUBILITY

P single operator 0.03 0O.O 3.1 8.7
' multiple operator 0.05 0.13 7.9 22.3

P single operator 0.16 0.45 6.1 17.2

muitiple operator 0.25 0.79 10.1 28.6

P ý;ingle opera-itor 0.07 0.19 6 .2 17.6

multiple oporator 0.09 0.26 8.7 24.5

single operator 0.17 0.48 9.0 25.4
multiple oporator 0.28 0.79 158 44.8

T single operator 0.21 0.59 13.7 38.8
O multiple operator 0.45 1.29 25.6 72.4

Cot L .;ingle operator 0.10 0.28 7.3 20.6
multiple operator 0.21 0.60 13.7 38.8

Note: Abbreviated symbols have previously been defined.
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The viscosities used in the index defined above are determined at 140 OF.

Blends of RAP recovered binders and modifiers whose viscosity aging indexes

exceeded 3.0 were considered to be sensitive.

d. This specification considers internal phase stability of

binders and proposes applications of internal phase or solubility proper-

ties. The internal phase stability properties of an asphalt or modifier are

measured by the Heithaus test method. The significant parameter identified

and cited in the technical literature to relate to pavement performance is

the state of peptization (P). The first phase of this specification did not

contain numerical values of P; however, recent work has provided these.

These numerical values are discussed subsequently.

2. Modifications

a. Provisions for use of more viscous products other than modi-

fiers/recycling agents as far as the chemical portion of the specification

was concerned have been added. Efforts involving soft asphalts and more

viscous bituminous products in recycling studies have been conducted in the

NMERI laboratory. The composition test results for the various modifying

products used in the laboratory study are listed in Table A4. These results

indicate that more viscous products with percent (A+S) less than or equal to

38.5+/-1.6, at the 95 percent confidence level, would be recommended for hot

recycling applications. Thus, a maximum value of this varible was set at

40 percent. Determination of variability of the (A+S) variable was expected

from the interlaboratory study.

b. Numerical values of compatibility were defined. The variables

are the state of peptization (P) and the limiting Dilution Ratio (Xmin .

The state-of-peptization value of interest pertains to asphaltene containing

modifiers because it can only be determined for bituminous products which

flocculate when tested by the Heithaus test method. A relationship was

attempted to relate P and the percent (A+S) as shown in Figure Al. This

relationship suggested that at a value of percent (A+S) of 40, a correspond-

ing value of P was 3.00. All the modifying products above this line had been

,o"
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TABLE A4. THE - ASPHALTENES + SATURATES - CRITERIA

30 % LIMIT 40 % LIMIT
MODIFYING

MODIFIER
VISCOSITY PRODUCT VISCOSITY

% (A + S) P/S % (A + S) P/S

@140 0 F, P @ 140OF, P

MBD-3 25.74 540.0 3.12 MBD-2 41.13 490.0 1.72

MOD-3B 22.21 58.0 2.18 MBD-2B 39.53 324.0 1.98

MBD-5 23.66 2.8 1.18 MBD-2D 40.93 285.0 1.73

MBD-6B 30.08 90.0 2.00 MBD-6A 39.01 300.0 2.23

MBD-7A 22.17 1.0 0.70 MBD-A 40.43 581.0 2.06

MBD-7C 25.41 1.1 0.71 MBD-B 36.53 276.0 1.74

M3D-8A 13.08 1.8 1.24 MBD-C 32.67 65.0 1.34

MBD-8C 16.05 1.0 1.18 MBD-D 38.65 676.0 2.27

MBD-9 6.56 2.3 la.51 MBD-E 38.28 1957.0 2.21

MBD-IO , 2a.86 519 3.24 I IBD-F 38.63 159.0 2.0

MBD-G 38.08 197.0 1 .91I

(A + S) - - (ASPHALTENES + SATURATES) BASED ON MODIFIED ASTM D 2007

P/S - POLARS / SATURATES BASED ON MODIFIED ASTM D 2007

30% LIMIT 40% LIMIT

n = 9 n = 11
23.14 _- 3.23 ( excluded) = 38.53 _, 1.59
(26.4 max)

n = 10 40 • max was proposed

x 95t 21.48 - 4.M0 ( included)
(26.2 max)
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Figure Al. Modifier State of Peptization versus Percent
Asphaltenes + Saturates.
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found to be acceptable for reconstituting aged binders. Further evidence

about the value of P of 3.00 was presented in Reference Al in a relationship

developed to show the observed variation of viscosity aging index of a blend

and the state of peptization of a modifier. Reference Al, showed

that blend aging index of less than 3.00 was obtained with modifiers whose P

value was greater than or equal to 3.00. Published results (Reference A2)

were obtained recently and analyzed by NMERI in the form of viscosity aging

index versus P. The P in the referenced report was determined using toluene

and n-heptane. The analysis indicated that binders with viscosity aging

indexes lower than 3.00 had P-values greater than or equal to 3. This study

was concerned with classifying tender and nontender mixes for which virgin

binders were used.

Most of the nontender mixes in the study under discussion were observed

to occur in mixtures whose binder aging indexes were lower than 3.00. This

observation suggests that binders with a P-value greater than or equal to

3.00 may produce nontender mixes. The variability limits about P determined

from an interlaboratory study are listed in Table A3.

Because recycling agents used in hot recycling operations contain

no asphaltenes, and hence a P-value cannot be established, there was a need

to include coverage of the use of such products in the proposed specifica-

tion. The results of the recycling agent selection study summarized in

Reference Al and subsequent efforts have overwhelmingly suggested that bene-

ficial aspects of a recycling agent can be specified. The specification is

that the Xmin value of a blend after RTFO conditioning should be greater

than the X value of the recovered RAP binder. An illustration of thismin

concept is presented in Figure A2. The larger the shift or difference

between these two Xmin values the greater is the dispersive action of the

modifier to the particular aged binder. However, should the reverse situa-

tion occur, the recycling agent/modifier is considered to be incompatible

with the aged binder and an alternate modifier should be sought.

85



MATERIAL PROPERTIES

Material Viscosity D2007/ Description
140 0 F, Poises Heithaus Tests

i Control

Asphalt 184,749 %Asphaltenes = 33.58 Binder extracted from com-r
Heithaus, bined Runway/Taxiway RAP
P = 2.61 from Hurlburt Field

Modifier 519 Polar/Saturate 3.24

Heithaus AR - 1000
P = 6.03

Blend 2025 (unaged) '.Asphaltenes = 21.00 Blend target viscosity
MBD-108 3803 (RTFO) Heithaus P = 3.70 at 140 0 F, = 2000±400

(RTFO Condition) Poises

0.5

X - blend (after RTFO)

0.4Xn- control (as extracted)

CC 0.3

S 0.20.2 O- HURLBURT RAP

C binder (control)
0- HURLBURT hot

0. recycled blend

(after RTFO)

0.0 "A
0 4 8 12 16 20 24

DILUTION RATIO

Figure A2. Illustrative Example of Expected Attributes of a Modifier.
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3. Tentative Specification

Table A5 lists the complete tentative criteria for modifier selec-

tion. The final blend made in accordance with the requirements in Table A5

MUST satisfy pertinent standard or local specifications for binders.
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TABLE A-1. REOPU1,Th1MENTv, MR ATCY".."c, %GrNTS,MN1flTlF1S Or,
TIOT CENTRAL PLANT RECYCLING OF ASPHTALT PAV!YEXT

TES!.T PROPPPT', "I J'

:.PHYSICAL

2. Vis~cosity, 100 -1 1 0ml

Ce)2. Millsty tO r220 ',c~1.O mh D 921
3.COC Flash Point, ()f' ir P0

4 Weight Loss (RTFO'~ at 325 0 F 1.00 ~a<~ '
for 85 minutes,

II. CIIEMICAL

A. Cmposition Analysis

1 i ~ 1110dt

2. percent Asuc ts asphialtenes .10

3. 1.2l1. Saturatto Ratio 0.50 'Iin;- xr '
,ian (Wr *,q!1ta1 ,

the ashi fle v
R w~~AP ¾i~.r

~3. COMPATIBILVITY !SOLVBILITY'

blends mafle' wiliI recvci1 310,1
~ ;f~ ~'' ?~'Ounio n Ing t han 1: mit '; A .

RAP
Figur-e A2.

Not,- 1.. The reference solvent system for the nomp tibility Iimi!-
4c(ns ists of tolu-ne 'polar' atnd n. dodevane- n( --pol ar' . Th.- ust of
other solvents may lead to other limits.

BEST
AVAILABLE COPY
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APPENDIX A

ATTACHMENT I

DATA COMPILATION, ANALYSES, AND VARIABILITY STATEMENTS
DEVELOPED FOR MODIFIED GLAY-GEL AND HEITHAUS TEST PROCEDURES

I.
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VARIABILITY STATEMENT FOR CTLAY- GEL COMPO'S1TION.\L ANALYS:ý,

0.1 f~or' nsphialtnes
0.71 ftir s;atur-ites
1. 16 &f'or aromat ics, and

i'her~pfcwt, results by the swne ,p#:rntor onl H ie same fwiat *ri l -iht)uld zvu'
diff-.!r by more t han:

2. 77 *a for asphaitenes
2.01 for saturates
3.283 for airomatic-s, and
2.61 o polars.

ThnnlLi~crt.ory standard dleviaticni has been Found uc he

r) for asplia Iten.-s

~. ' ~.f., aromiat ics, and

Therefore nesu1 ts of two prcoperly c-onducte ~t! t sts' rm ~e~
l aborwatories on samples of the same material should not di ff,ýr sv iiiir-
than:

.56 'ý .r- asphal tmens
4.34 00 for satur.-it-s
O -0 ; '11I'ýInnt L(s .m~d
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The single-operator coefficient of variation has been found to be:

3.85% for asphaltenes
4.23% for saturates
6.15% for aromatics, and
2.51% for polars

Therefore, results for two properly conducted tests by the same operator on
the same sample shold not differ from each other by more than:

10.90% for asphaltenes
11.97% for saturates
17.40% for aromatics, and
7.10% for polars

of their averages.

The multilaboratory coefficient of variation has been found to be:

6.11% for asphaltenes
8.69% for saturates

21.83% for aromatics, and
6.15% for polars

Therefore, results of two different laboratories on samples of the same
material should no differ from each other by more than:

17.29% for asphaltenes
24.60% for saturates
61.77% for aromatics, and
17.39% for polars

of their averages.

"91

•'.•.i ~ '. % " %'~ j ° % • •. h . • •.• - ••." .- - ." .,•" . •" •" . ,•• ••`• • `i • ``• • `• • ••, ".-• •%..,. .".'. ,.A•



STANDARD DEVIATIONS--IS, D2S,--FOR INTRA AND INTER LABS ---- CLAY-GEL

is D2S is D2S
INTRA INTER

ASPHALTENES PS 1.12 3.17
CTL 0.30 0.85 1.61 4.56
WES 2.13 6.03
NME 0.36 1.02

AVERAGE 0.98 2.77

SATURATES PS 0.62 1.75
CTL 0.16 0.45 1.53 4.34
WES 1.80 5.09
NME 0.27 0.76

AVERAGE 0.71 2.01

AROMATICS PS 1.36 3.85
CTL 0.32 0.91 3.77 10.66
WES 2.57 7.27
NME 0.37 1.05

AVERAGE 1.16 3.27

POLARS PS 1.05 2.97
CTL 0.43 1.22 2.30 6.51
WES 1.79 5.07
NME 0.43 1.22

AVERAGE 0.93 2.63
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COEFFICIENTS OF VARIATIONS--IS%, D2S%,--FOR INTRA AND INTER LABS---CLAY-GEL

Is% D2S% is% D2S%
INTRA INTER

ASPHALTENES PS 4.31 12.19
CTL 1.10 3.11 6.11 17.29
WES 8.74 24.73
NME 1.26 3.57

AVERAGE 3.85 10.90

SATURATES PS 3.75 10,61
CTL 0.88 2.49 8.69 24.60
WES 10.80 30.56

NME 1.47 4.16

AVERAGE 4.23 11.97

AROMATICS PS 7.60 21.51
CTL 2.10 5.94 21.83 61.77
WES 12.00 33.96
NME 2.91 8.24

AVERAGE 6.15 17.40

POLARS PS 2.72 7.70
CTL 1.16 3.28 6.15 17.39
WES 5.20 14.72
NME 0.96 2.72

AVERAGE 2.51 7.10
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ARf'B.T...Y 'TAT.MrENT FOR lErITH[AUS :'.OM,1PATTBTILTTY TT7

The s i ngl op- r:t :wr s-it andard It-v Lit if.n hn s ht -n U' I I I

0.17 for X .
Mill

0.0.3 for P

0.16 for P
0.07 F," P

0.21 for T

0.10 for cot U.

Therefore, results by the same operator on the same material •;-,u1'I ant
diffor by more than:

P. R8 for Xmil

0.08 for P
a

0.45 for P
0.19 for P

0.59 F0 r T I t,!
0

0 2", .jot 0.

The multilaboratorv standard deviation has been found 1--f:-

0.28 for X .min

0.05 for P

0.28 for P

+ •)~~. -' , "v' •+ . , ,

21 fr 0

h, .¢.•r, r,-sults of two properly ':onducted tests From fw,,o I "'•I. -1 1 f
laboratories on samples of the same material should not i ffier by :n(;."-

0.79 for Xmi.rain
0.13 for P

a
0.79 for-P
0.26 for P

1.26 for T 0, and

0.60 for cot 0.
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*! The single-operator coefficient of variation has been found to be:

8.99% for Xmin
3.06% for Pa
6.08% for P
6.21% for Po

13.72% for To, and
7.29% for Cot /

Therefore, results for two properly conducted tests by the same operator on

the same sample should not differ from each other by more than:

25.44% for Xmin
8.66% for Pa

17.21% for P
17.57% for Po
38.83% for To, and
20.63% for Cot

of their average.

The multilaboratory coefficient of variation has been found to be:

15.83% for Xmin
7.87% for Pa

10.10% for P
8.65% for Po

25.57% for To, and
13.69% for Cot

Therefore, results of two different laboratories on samples of the same

material should not differ from each other by more than:

44.81% for Xmin

"22.27% for Pa
"28.58% for P
24.47% for Po
72.37% for To, and
38.75% for Cot,

of their average.
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STANDARD DEVIATIONS--IS, D2S,-- FOR INTRA AND INTER LABS ---- HEITHAUS

is D2S is D2S
INTRA INTER

Xmin PS 0.21 0.59

CTL 0.14 0.40 0.28 0.79
WES 0.24 0.68
NME 0.07 0.20

AVERAGE 0.17 0.47

Pa PS 0.05 0.14
CTL 0.006 0.017 0.05 0.13
WES 0.05 0.14
NME 0.002 0.006

AVERAGE 0.03 0.08

p PS 0.21 0.59
CTL 0.10 0.28 0.28 0.79
WES 0.24 0.68
NME 0.08 0.23

AVERAGE 0.16 0.45

Po PS 0.06 0.17
CTL 0.05 0.14 0.09 0.26
WES 0.12 0.34
NME 0.04 0.11

AVERAGE 0.07 0.19

To PS 0.38 1.08
CTL 0.12 0.34 0.45 1.29
WES 0.25 0.71
NME 0.07 0.20

AVERAGE 0.21 0.58

COT PS 0.20 0.57
CTL 0.04 0.11 0.21 0.60
WES 0.13 0. 37
NME 0.02 0 06

AVERAGE 0.10 0.28
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COEFFICIENTS OF VARIATION--IS%, D2S%,--INTRA AND INTER LAB---HEITHAUS

IS% D2S% IS% D2S%
INTRA INTER

Xmin PS 14.45 40.89
CTL 5.80 16.41 15.83 44.81
WES 11.79 33.37
NME 3.92 11.09

AVERAGE 8.99 25.44

Pa PS 8.34 23.60
CTL 1.03 2.91 7.87 22.27
WES 2.30 6.51
NME 0.55 1.56

AVERAGE 3.06 8.66

P PS 8.54 24.17
CTL 3.63 10.27 10.10 28.58
WES 9.54 27.00
NME 2.59 7.33

AVERAGE 6.08 17.21

Po PS 5.09 14.40
CTT, 4.91 13.90 8.65 24.47
WES 11.50 32.55
NME 3.34 9.45

AVERAGE 6.21 17.57

To Ps 34.36 97.24
CTL 6.16 17.43 25.57 72.37
"WES 10.93 30.93
NME 3.43 9.71

AVERAGE 13.72 38.83

COT • PS 16.35 46.27
CTL 4.54 12.85 13.69 38.75
WES 6.91 19.56
NME 1.34 3.79

AVERAGE 7.29 20.63
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TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROG-RAM FOR ASTM M,!ETHOD
LABORATORY: PETROLEUM SCIENCES

MATERIAL
REPLICATE ASPHALTENES

A B C D E

29.1971 25.4251 30.4130 23,0664 27.2873
b 29.5740 27.4153 28.3983 21,4001 22.6478
c 29.4544 29.3998 27.7074 21.3085 26.7020

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: CHICAGO TESTING LABS

MATERIAL
REPLICATE ASPHALTENES

A B C D E

a 29.8802 28.3068 29.9019 22 8916 2 '•05
b 31.2966 28.3192 30.2264 22.5520 2-. -2 7
c 30.4907 28.1648 30.0932 22.0152 27. "836

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PRQGRAM• FOR AS'ZM METHOD
LABORATORY: WATERWAYS EXPERIMENT STATION

MATERIAL
REPLICATE ASPHALTENES

A B C D

a 30.5875 29.1315 31.2880 15.1690 2 . -
b 31.3999 28.6394 25.8907 21.2-06 2-.S99O
c 31.8538 27.8589 29.6632 22.5257 29.

TABLE I DATA SHEET FOR INTERIABORATORY TEST PROGk.\.M FOR .C¶ . 1 D
LABORATORY: NEW MEXICO ENGINEERING RESEARCH !NSTITUTE

MATERIAL
REPLICATE ASPHALTENES

A B C D

a 31.7150 29.3138 31.1235 23.3292 29.012
b 31.4432 29.6942 30.8510 213.0536 2q. 40-
c 31.1140 29,16"8 30.3730 22.r)6 - 2<
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TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: PETROLEUM SCIENCES

MATERIAL
REPLICATE SATURATES

A B C D E

a 16.8702 15.3385 18.5511 15.4453 16.9880
b 17.7073 15.9546 17.4571 15.7084 16.3332
c 16.6808 17.5692 18.2172 16.1380 16.8859

TABLE I DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: CHICAGO TESTING LABS

MATERIAL
REPLICATE SATURATES

A B C D E

a 19.4921 19.2645 18.8562 17.3327 19.0666
b 19.3235 19.5192 18.7439 17.7574 18.9414
c 19.4766 19.0687 18.9152 17.2546 18.7587

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: WATERWAYS EXPERIMENT STATION

MATERIAL
REPLICATE SATURATES

A B C D E

a 16.2536 16.8236 17.3605 15.4922 19.2919
b 16.2281 18.0027 13.7164 14.2387 13.9370
c 17.6316 15.2583 19.6458 16.4274 I7.5466

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: NEW MEXICO ENGINEERING RESEARCH INSTITUTE

MATERIAL
REPLICATE SATURATES

A B C D E

a 18.7810 18.3129 19.0236 17.4852 18.7566
b 18.5590 18.6680 18.8315 17.4230 19.1744
c 19.0228 18.6612 18.9842 18.4050 19.3048
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TABLE I DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: PETROLEUM SCIENCES

MATERIAL
REPLICATE P0OLARS

A B C D E

a 39.8546 39.3934 39,0859 36.3421 38.7789
b 38.0467 40.3288 39,4249 34.5195 41.8239
c 38.1386 38.5763 38,2513 36.7050 39.6268

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: CHICAGO TESTING LABS

MATERIAL
REPLICATE POLARS

A B C D E

a 37.9934 38.2910 38.5348 34.9196 38.3494
b 36.6281 38.2714 39.2755 35.6616 38.4117
c 37.3735 37.9572 38.8729 36.4200 38.6017

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM! FOR ASTM METHOD
LABORATORY: WATERWAYS EXPERIMENT STATION

MATERIAL
REPLICATE POLARS

A B C D E

a 36.9013 35.4893 36.7635 37.1902 33.V12
b 36.2913 34,1936 35.3381 30.Q576 35.1091
c 35.3043 36.8623 31.9691 31.9031 34.4767

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: NEW MEXICO ENGINEERING RESEARCH INSTITUTE

MATERIAL
REPLICATE POLARS

A B C D E

a 38.3494 38.4224 38.2776 40.0435 39.4896
b 39.1986 38.5615 39.7036 40.3774 39.1104
c 38.8534 37.9725 39.5627 39.7061 3• <18o
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TABLE I DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: PETROLEUM SCIENCES

MATERIAL
REPLICATE AROMATICS

A B C D E

a 14.0781 19.8431 17.3365 23.7266 16.9457
b 14.6721 16.3014 14.7197 28.3720 19.1952

c 15.7262 14.6190 15.8239 25.8485 16.7853

TABLE I DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: CHICAGO TESTING LABS

MATERIAL
REPLICATE AROMATICS

A B C D E

a 12.6353 14.1369 12.7071 24.8561 14.6836
b 12.7518 13.8902 11.7542 24.0291 14.9222
c 12.6592 14.8094 12.1187 24.3192 14.8560

TABLE I DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: WATERWAYS EXPERIMENT STATION

MATERIAL
REPLICATE AROMATICS

A B C D E

a 16.2575 18.5556 14.5880 32.1431 21.4447
b 16.0801 19.1643 25.0548 33.5331 26.0621
c 15.2104 20.0205 18.7219 29.1438 18.0162

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: NEW MEXICO ENGINEERING RESEARCH INSTITUTE

MATERIAL
REPLICGATE AROMATICS

A B C D E

a 11.1546 13.9518 11.5754 19.1422 12.7386
b 10.7992 13.0763 10.6139 19.1459 13.0555
c 11.0098 14.2014 11.0801 19.1917 13.8266

101

.'S . . . . . ,.,. _ . . •. . . .- . . . . . . . . . . - - ,, -• ,• • • ,- . ,- . -- ,-• •- . ., .. -. •. .. ' ' _



TABLE 2 SUMMARY DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
MATERIAL- AS PHALTENES

LABORATORY REPLICATE
A B C D E

1 a 29.1971 25.4251 30.4130 23.0664 27.2873
b 29.5740 27.4153 28.3983 21.4001 22.6478
c 29.4544 29.3998 27.7074 21.3085 26.7020

2 a 29.8802 28.3068 29.9019 22.8916 27.9005
b 31.2966 28.3192 30.2264 22.5520 27.7247
c 30.4907 28.1648 30.0932 22.0152 27.7836

3 a 30.5875 29.1315 31.2880 15.1699 26.0722
b 31.3999 28.6394 25.8907 21.2706 24.8990
c 31.8538 27.8589 29.6632 22.5257 29.9604

4 a 31.7150 29.3138 31.1235 23.3292 29.0152
b 31.4432 29.6942 30.8510 23.0536 28.4997
c 31.1140 29.1648 30.3730 22.6972 27.9496

TABLE 2 SUMMARY DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
MATERIAL-SATURATES

LABORATORY REPLICATE
A B C D E

1 a 16.8702 15.3385 18.5511 15.4453 16.9880
b 17.7073 15.9546 17.4571 15.7084 16.3332
c 16.6808 17.5692 18.2172 16.1380 16.8859

2 a 19.4921 19.2645 18.8562 17.3327 19.0666
b 19.3235 19.5192 18.7439 17.7574 18.9414
c 19.4766 19.0687 18.9152 17.2546 18.7587

3 a 16.2536 16.8236 17.3605 15.4922 19.2919
b 16.2281 18.0027 13.7164 14.2387 13.9370
c 17.6316 15.2583 19.6458 16.4274 17.5466

4 a 18.7810 18.3129 19.0236 17.4852 18.7566
b 18.5590 18.6680 18.8315 17.4230 19.1744
c 19.0228 18.6621 18.9842 18.4050 19.3048
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TABLE 2 SUMMARY DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
MATERIAL-POLARS

LABORATORY REPLICATE
A B C D E

1 a 39.8546 39.3934 39.0859 36.3421 38.7789
b 38.0467 40.3288 39.4249 34.5195 41.8239
c 38.1386 38.5763 38.2513 36.7050 39.6268

2 a 37.9934 38.2910 38.5348 34.9196 38.3494
b 36.6281 38.2714 39.2755 35.6616 38,4117
c 37.3735 37.9572 38.8729 36.4200 38.6017

3 a 36.9013 35.4893 36.7635 37.1902 33.1912
b 36.2913 34.1936 35.3381 30.9576 35.1018
c 35.3043 36.8623 31.9691 31.9031 34.4767

4 a 38.3494 38.4224 38.2776 40.0435 39.4896
b 39.1986 38.5615 39.7036 40.3774 39.2-04
c 38.8534 37.9725 39.5627 39.7061 39.9189

TABLE 2 SUMMARY DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
MATERIAL-AROMATICS

LABORATORY REPLICATE
A B C D E

I a 14.0781 19.8431 17.3365 23.7266 16.9457
b 14.6721 16.3014 14.7197 28.3720 19.1952
c 15.7262 14.6190 15.8239 25.8485 16.7853

2 a 12.6353 14.1369 12.7071 24.8561 14.6836

b 12.7518 13.8902 11.7542 24.0291 14.9222
c 12.6592 14.8094 12.1187 24.3192 14.8560

3 a 16.2575 18.5556 14.5880 32.1431 21.444-
b 16.0801 19.1643 25.0548 33.5331 26.0621
c 15.2104 20.0205 18.7219 29.1438 18.0162

4 a 11.1546 13.9518 11.5754 19.1422 12.7386
b 10.7992 13.0763 10.6139 19.1459 13.0555
c 11.0098 14.2014 11.0801 19.1917 13.8266
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL A
WITHIN

AVERAGE LABORATORY
LABORATORY ASPHALTENES x. VARIANCE

ab c S.

1 29.1971 29.5740 29,4544 29.41 0.04

2 29.98802 31.32966 30.64907 30.56 0_._50

3 30.5875 31.23999 31.8538 31.28 .41

4 31.7150 31.54432 31.O1140 318. 0. 0_.09

TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR kLTERIAL A
WITHIN

AVERAGE LABORATORY
LABO RAT ORY S ATERAT E S x. i ARI17N CE

a c S

AS

116.8702 17.7073 16. 6808 17.09 0.30

219. 4921 19. 3235 19.47661 .4 q

3 16. 2536 16. 2281 1-7.63116 P). 70 0, 64

4 18.7810 18.5590 19.0228 I .• .]
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL A
WITHIN

AVERAGE LABORATORY

LABORATORY ARONTx. VARI4NCE

a b i1

0.7

1 14.0781 14.6721 15.7262 14.83 0.70

2 12.6353 12.7518 12.6592 12.68 0.004

3 16.2575 16.0801 15.2104 15.85 0.31

4 11.1546 10.7992 11.0098 10.99 0.03

TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL A
WITHIN

AVERAGE LABORATORY

LABORATORY a POLýRS xV ARI4ýNCE

1 39.8546 38.0467 38.1386 38.68 1.04

2 37.9934 36.6281 37.3735 37.33 0.47

3 36.9013 36.2913 35.3043 36.17 n.65

4 38.3494 39.1986 38.8534 38.80 0.18
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL B
WITHIN

AVERAGE LABORATORY
LABORATORY ASPHALTENES x. VARI4NCE

-a-- c s.

1 25.4251 27.4153 29.3998 27.42 1.41

2 28.3068 28.3192 28.1648 28.26 0.007

3 29.1315 28.6394 27.8589 28.54 0.41

4 29.3138 29.6942 29.1648 29.39 0.07

TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL B

WITHIN
AVERAGE LABORATORY

LABORATORY SATURARES .•]ARI4NCEao c s ,

1 15.3385 15.9546 17.5692 16.29 1.331

2 19.2645 19.5192 19.0687 19.28 0 _.o75

3 16.8236 18.0027 15. 2583 16.69 1. 90

4 18.3129 18.6680 18.6621 18.55 0.04
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MLATERIAL B WITHIN

AVERAGE LABORATORY
LABORATORY RO Cx. ARI4NCE

AROMATIC S
a c S.

1 19.8431 16.3014 14.6815 16.94 6.97

2 14.1369 13.8902 14.8094 14.28 0.23

3 18.5556 19.1643 20.0205 19.25 0.54

4 13.9518 13.0763 14.2014 13,74 0.35

TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL B
WITHIN

AVERAGE LABORATORY
LABORATORY POAs x. VAR14NCE

a bc ._ _~$.

1 39.3934 40.3288 38.5763 39.43 0.77

2 38.2910 38.2714 37.9572 38,17 n.(04

3 35.4893 34.1936 36.8623 35.52 1.78

4 38.4224 38.5615 37.9725 38.32 0.09
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL C
WITHIN

LABORATORY AVERAGE LABORATORYLABORATORY APLENSx.i VAR I!NCE •"

a ASPHALIENES c 1AI.Ca c s. __-_

1 30.4130 28.3983 27.7074 28.84 1.97

2 29.9019 30.2264 30.0932 30.07 0.03

3 31.2880 25.8907 29.6632 28.95 7.67

4 31.1235 30.8510 30.3730 30.78 0.14

TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL C
WITHIN

LA YAVERAGE LABORATORY
LABORATORY SA AE .VARI4NCE

SATtiRATES VA1.,C
a c S.

1 17.0439 17.4571 18.2172 17.57 0.35

2 18.8562 18.7439 18.9152 18,84 0.003 -'

3 17.3605 13.7164 19.6458 16.91 8.94

4 19.0236 18.8315 18.9842 18.95 0.01
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL C
WITHIN

AVERAGE LABORATORY
LABORATORY AR0TICS .4CE

a c S.
1--

1 15 . 9280 14.7/197 15.8240 15.49 0.45

2 12.7071 11.7542 12.1187 12.19 0.23

3 14.5880 25.0548 18.7219 19.45 27.79

4 11.5754 10.6139 11.0801 11 09 0.23

TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL C

WITHIN
AVERAGE LABORATORY

LABORATORY PO1 AS x, VARI NCE
a C S.

1 39.0859 39.4249 38.2513 38.92 0.36

2 38.5348 39.2755 38.8729 32'.'89 0.14ý

3 36.7635 35.3381 31.9691 34.69 6.06

4 38.2776 39.7036 39.5627 39.18 0.62
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL D
WITHIN

AVERAGE LABORATORY
LABORATORY ASPHALýENES x.C VARINCE

a C S.

1 23.0664 21.4001 21.3085 21.87 0.81

2 22.8916 22.5520 22.0152 22.49 0.20

3 15.1699 21.2706 22.5257 19.66 15.48

4 23.3292 23.0536 22.6972 23.03 0.10

TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL D
WITHIN

AVERAGE LABORATORY
LABORATORY SATERATES x. VARI4NCE

a bc S

1 15.4453 15.7084 16.1380 15.73 0.16

2 17.3327 17.7574 17.2546 17.45 n.fl7

3 15.4922 14.2387 16.4274 15.39 1.21

4 17.4852 17.4230 18.4050 17.77 0.30
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL D
'W •I T H IN

__AV4ERAGE LABORATORY
LABORATORY AROM. TICS X. s. ____

1 26.5940 28.3720 25.8485 26.94 1.68

2 24.8561 24.0291 24.3192 24.40 0.18

3 32.1431 33.5331 29.1438 31.61 5.03

4 19.1422 19.1459 19.1917 19.16 0.000(8

TABLE 3 RKT.VFEEN A-ND *VIT7iIN A-NA'TXST ,2 '¶
T

fSTT

WITHIN
AVERAGE LABORATRY

LABORATORY X.. .'ARIA,(E
a PO Sc 1s. T__

1 36.3421 34.5195 36.7050 35.86 1.3'

2 34.0196 35.'6616 36..2no 35.67 C) 56

I- ,oCY- 6-) -)
17.2 102 f). " -' 31. 031 33.-35 1.

40, o4 3 5 4• . 40.04 0.11
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MALTERIAL E
WITHIN

AVERAGE L.ABORATCOR,'.

LABORATORY x. ',ARI_,NCE
AS PHALTENES1

a% -a S. _
1-

1 27.2873 22.6478 26.7020 25.55 6.38

2 27.9005 27.7247 27.7836 27.80 0.008

26.0722 24.8990 29.9604 26.98 7.02

S29.0152 28.4997 27.9496 28.49 0.28

TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL E
WITH 1 N

AVERAGE LABORA-\T 0 R':"
L-ABORATORY x. 7AR14..

a SAT0RATCS _

1 16.9880 16.3332 16.8859 16.74 0.12

2. 90666 is.9 014 18.75.7 139 " 2,

Q19.2019 13.9370 17.5466 16.93 -. _6

!8.7566 19.1V44 19.3048 19.08 S.08

11
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL E
WITHIN

AVERAGE LABORATORY
LABORATORY AROMATICS x.1 VARI.NCE

1-

1 16.9457 19.1952 16.7853 17.64 1.82

2 14.6836 14.9222 14.8560 14.82 0.02

3 21.4447 26.0621 18.0162 21.84 16.30

4 12.7386 13.0555 13.8266 13.21 0.31

TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL E
WITHIN

AVERAGE LABORATORY
LABORATORY PORs x. VARIPNCE

S..

1 38.7789 41.8239 39.6268 40.08 2.47

2 38.13494 38.4117 38.6017 38.45 0.02

3 33.1912 35.1018 34.4767 34.26 0.95

4 39.4896 39.2704 39.9189 39.56 0.11
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TABLE 4 AVERAGES. COMPONENTS OF VARIANCE, AND VARIANCES FOR ALL MATERIALS

COMPONENTS OF VARIANCE VARIANCE

MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN
ASPHALTENES LABORATORY LABORATORY LABORATORY LABORATORY

D 21.71 4.01 0.85 4.01 4.86

E 27.21 3.42 0.46 3.42 3.88

B 28.41 1.17 0.24 1.17 1.41

C 29.46 1.99 0.82 1.99 2.81

A 30.67 0.26 0.76 0.26 1.02

TABLE 4 AVERAGES, COMPONENTS OF VARIANCE, AND VARIANCES FOR ALL MATERIALS
COMPONENTS OF VARIANCE VARIANCE

MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN
SATURATES LABORATORY LABORATORY LABORATORY LABORATORY

D 16.55 0.50 1.37 0.50 1.87

B 17.67 0.73 1.95 0.73 2.68

E 17.92 1.92 0.93 1.92 2.85

A 18.00 0.25 1.65 0.25 1.90

C 18.07 2.33 0.21 2.33 2.54
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TABLE 4 AVERAGES, COMPONENTS OF VARIANCE, AND VARIANCES FOR ALL MATERIALS

COMPONENTS OF VARIANCE VARIANCE

MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN

AROMATICS LABORATORY LABORATORY LABORATORY LABORATORY

A 13.59 0.26 4.66 0.26 4.92

C 14.56 7.18 11.75 7.18 18.93

B 16.05 2.02 5.83 2.02 7.85

E 16.88 4.61 12.76 4.62 17.37

D 25.53 1.72 26.36 1.72 28.08

TABLE 4 AVERAGES, COMPONENTS OF VARIANCE, AND VARIANCES FOR ALL MATERIALS
COMPONENTS OF VARIANCE VARIANCE

MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN
POLARS LABORATORY LABORATORY LABORATORY LABORATORY

D 36.23 3.33 6.64 3.33 9.97

A 37.75 0.59 1.35 0.59 1.94

B 37.86 0.67 2.53 0.67 3.20

C 37.92 1.80 4.05 1.80 5.85

E 38.09 0.89 6.68 0.89 7.57
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TABLE 5 AVERAGES, STANDARD DEVIATIONS, AND COEFFICIENTS OF VARIATION
FOR ALL MATERIALS

STANDARD DEVIATIONS COEFFICIENTS OF VARIATION

MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN

ASPHALT. LABORATORY LABORATORY LABORATORY LABORATORY

D 21.76 2.04 2.22 9.38 10.20

E 27.21 1.85 1.97 6.80 7.24

B 28.40 0.69 0.98 2.43 3.45

C 29.66 1.57 1.58 5.29 5.33

A 30.67 0.51 1.00 1.66 3.26

TABLE 5 AVERAGES, STANDARD DEVIATIONS, AND COEFFICIENTS OF VARIATION
FOR ALL MATERIALS

STANDARD DEVIATIONS COEFFICIENTS OF VARIATION

MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN
SATURATE LABORATORY LABORATORY LABOPRTORY LABORATORY

D 16.59 0.66 1.22 3.98 7.35

B 17.70 0.91 1.62 5.14 9.15

E 17.92 1.39 1.69 7.76 9.43

A 18.00 0.50 1.37 2.78 7.61

C 18.20 1.52 1.56 8.35 8.57

1
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TABLE 5 AVERAGES, STANDARD DEVIATIONS, AND COEFFICIENTS OF VARIATION
FOR ALL MATERIALS

STANDARD DEVIATIONS COEFFICIENTS OF VARIATION
MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN

AROMATIC LABORATORY LABORATORY LABORATORY LABORATORY

A 13.59 0.51 2.22 3.75 16.34

C 14.67 2.74 4.41 18.68 30.06

B 16.05 1.44 2.80 8.97 17.45

E 16.88 2.15 4.17 12.74 24.70

D 25.28 1.66 5.30 6.57 20.97

TABLE 5 AVERAGES, STANDARD DEVIATIONS, AND COEFFICIENTS OF VARIATION

FOR ALL MATERIALS
STANDARD DEVIATIONS COEFFICIENTS OF VARIATION

MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN
POLARS LABORATORY LABORATORY LABORATORY LABORATORY

D 36.33 1.89 3.18 5.20 8.75

C 37,47 2.00 2.63 5.34 7.02

A 37.75 0.77 1.39 2.04 3.68

B 37.85 0.84 1.78 2.22 4.70

E 38.09 0.94 2.75 2.47 7.22
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TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD

LABORATORY: PETEOLEUM SCIENCES
MATERIAL

REPLICATE X min
A B C D E

a 1.18 1.46 1.80 2.23 1.13

b 1.24 1.56 1.18 2.13 1.76
c 1.54 1.35 1.15 2.21 1.58

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: CHICAGO TESTING LABS

MATERIAL

REPLICATE X min
A B C D E

a 1.46 1.54 1.74 2.22 1.71

b 1.46 1.35 1.75 2.02 1.80
c 1.58 1.53 1.49 2.15 1.83

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PRQGRAM FOR ASTM METHOD

LABORATORY: WATERWAYS EXPERIMENT STATION
MATERIAL

REPLICATE X min
A B C D E

a 1.99 2.36 1.76 2.64 1. 3

b 1.61 1.82 1.96 1.92 2.25
c 2.05 1.92 1.80 2. 35 2.16

TABLE I DATA SHEET FOR INTERLABORATORY TEST PROGR.AŽ¶ FOR AST ,METHOD
LABORATORY: NEW MEXICO ENGINEERING RESEARCH INSTITUTE

MATERIAL
REPLICATE X min

A B C D E

a 1.91 1.91 1.93 2. 17 1.78
b 1.89 1.92 1.87 2.2q 1.116

c 1.99 1.89 1.68 2.2( _ .__,_
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TABLE I DATA SHEET FOR INTERLABORATORY TEST PROGRA-1M FOR ASTM METHOD
LABORATORY: PETROLEUM SCIENCES

MATERIAL
REPLICATE Pa

A B C D E

a 0.45 0.50 0.60 0.68 0.46
b 0.49 0.56 0.53 0.69 0.61
c 0.53 0.53 0.49 0.66 0.61

TABLE I DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: CHICAGO TESTING LABS

MATERIAL
REPLICATE Pa

A B C D E

a 0.62 0.62 0.59 0.68 0.62
b 0.62 0.63 0.60 0.68 0.62
c 0.61 0.63 0.61 0.67 0.61

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: WATERWAYS EXPERIMENT STATION

MATERIAL
REPLICATE Pa

A B C D E

a 0.63 0.63 0,64 ().-71 .6
b 0.63 0.67 0.64 0.-2 0.63
c 0.61 0.66 0.64 0.69 0.64

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRA•M FOR ASTM METHOD
LABORATORY: NEW MEXICO ENGINEERING RESEARCH INSTITUTE

MATERIAL
REPLICATE Pa

A B C D E

a 0.59 0.61 0.60 0.68 0.61
b 0.60 0.60 0.60 0. 68 0,61
c 0.59 0.60 0.61 0. ____8__
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TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: PETROLEUM SCIENCES MAT RIA

MATERIAL -

REPLICATE P
A B C D E

a 2.18 2.46 2.80 3.23 2.13
b 2.24 2.56 2.18 3.13 2.76
c 2.54 2.35 2.15 3.21 2.58

TABLE I DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: CHICAGO TESTING LABS

MATERIAL
REPLICATE P

A B C D E

a 2.46 2.54 2.74 3.22 2.71
b 2.46 2.35 2.75 3.02 2.80
c 2.58 2.53 2.49 3.15 2.83

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: WATERWAYS EXPERIMENT STATION

MATERIAL
REPLICATE P

A B C D E

a 2.99 3.36 2.76 3.64 2.83
b 2.61 2.82 2.96 2.92 3.25
c 3.05 2.92 2.80 3.35 3.16

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGR.LM FOR ASTM MET7OD S-1
LABORATORY: NEW MEXICO ENGINEERING RESEARCH INSTITUTE

MATERIAL
REPLICATE P

A B C D E

a 2.91 2.91 2.93 3.17 2.78
b 2.89 2.92 2.87 3.29 2.Q6
c 2.99 2.89 2.68 3.2Q 2, o
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TABLE I DATA SHEET FOR INTERLABORATORY TEST PROGRA-M FOR ASTM METHOD
LABORATORY: PETROLEUM SCIENCES

MATERIAL
REPLICATE Po

A B C D E

a 1.19 1.24 1.11 1.05 1.15
b 1.15 1.14 1.03 0.97 1.09
c 1.20 1.10 1.10 1.08 0.99

TABLE I DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: CHICAGO TESTING LABS

MATERIAL
REPLICATE Po

A B C D E

a 0.195 0.96 1.11 1.04 1. 4
b 0.94 0.86 1.11 0.96 1.08
c 1.01 0.93 0.97 1.03 1.11

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: WATERWAYS EXPERIMENT STATION

MATERIAL
REPLICATE Po

A B C D E

a 1.11 1.24 1.00 1.04 9.
b 0.97 0.93 1.06 0.83 _ . 2__
c 1.20 0.98 1,01 1.04 1.15

TABLE I DATA SHEET FOR INTERLABORATORv TEST PROGRAMl F(R ASTM -'!T
LABORATORY: NEW MEXICO ENGINEERING RESEARCH INSTITUTE

MATERIAL

REPLIIATE Po
A B C D E

a 1.19 1.14 1.17 1.0(0 1.O.

b 1.17 1,16 1.14 1.06 1. 15
c 1.23 1.,14 1.04 1.• . +
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TABLE I DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: PETROLEUM SCIENCES

MATERIAL
REPLICATE COT

A B C D E

a 0.73 1.51 1.49 2.16 0.87
b 1.02 1.45 1.06 2.21 1.60
c 1.27 1.53 1.13 2.32 1.49

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: CHICAGO TESTING LABS

MATERIAL
REPLICATE COT

A B C D E

a 1.54 1.55 1.39 2.01 1.57
b 1.54 1.63 1.41 2.11 1.61
c 1.51 1.58 1.49 2.14 1.55

TABLE I DATA SHEET FOR INTERLABORATORY TEST PROGR2AM FOR ASTM METHOD
LABORATORY: WATERWAYS EXPERIMENT STATION

MATERIAL
REPLICATE COT

A B C D E

a 1.63 1.62 1.72 2.28 2.03
b 1.59 1.93 1.76 2.46 1.63
c 1.48 1 90 1.70 2.24 1.61

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHO
LABORATORY: NEW MEXICO ENGINEERING RESEARCH INSTITUTE

MATERIAL
REPIICATE COT

A B C D E

a 1.42 1.55 1.52 2.15 i.53
b 1.45 1.50 1.50 2.07 1.
c 1.42 1.55 1.51 2. 16
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TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: PETROLEUM SCIENCES

", ~MATERIAL
REPLICATE To

A B C D E

a 1.40 0.28 1.85 2.06 1.09
b 1.10 1.10 1.26 2.15 1.61
c 1.20 0.45 0.73 1.45 1.79

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: CHICAGO TESTING LABS

MATERIAL
REPLICATE To

A B C D E

a 1.59 1.77 1.89 2.36 1.i 8
b 1.61 1.54 1.89 2.13 1.78
c 1.66 1.81 1.63 1.94 I..84

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: WATERWAYS EXPERIMENT STATION

MATERIAL
REPLICATE To

A B C D E

a 2.11 2.57 1.85 3.07 2.18
b 1.82 2.02 2.02 2.07 2.41
c 2.19 2.07 1.93 2.31 2.43

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: NEW MEXICO ENGINEERING RESEARCH INSTITUTE

MATERIAL
REPLICATE To

A B C D E

a 1.96 1.91 1.91 2.21 1.90
b 1.94 1.97 1.92 2.36 2.03
c 2.02 1.85 1.82 2.27 2.13
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TABLE 2 SUMMARY DATA SHEET FOR INTERLABORATORY TEST PROGRXM FOR ASTM METHCD
MIATERIAL-X min

LABORATORY REPLICATE
A B C D E

1 a 1.18 1.46 1.80 2.23 1,13
b 1.24 1.56 1.18 2.13 1.76
c 1.54 1.35 1.15 2.21 1.58

2 a 1.46 1.54 1.74 2.22 1.71
b 1.46 1.35 1.75 2.02 1.80
c 1.58 1.53 1.49 2.15 1.83

3 a 1.99 2,36 1.76 2.64 1.83
b 1.61 1,82 1.96 1.92 2.25
c 2.05 1,92 1.80 2.35 2.16

4 a 1.91 1.91 1.93 2.17 1.78
b 1.89 1.92 1.87 2.29 I.96
c 1.99 1.89 1.68 2.29 1 _ _

TABLE 2 SUMMARY DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
MATERIAL- Po

LABORATORY REPLICATE
A B C D E

I a 1.19 1.24 1.11 1.05 1.15
b 1.15 1.14 1.03 0.i 7 Q.- U
c 1.20 1.10 1.10 1.08 0._ _

2 a 0.95 0.96 1.11 1.04 1.04
b 0.94 0.86 1.11 0.96 1.08
c 1.01 0.93 0.97 1.03 1.11

3 a 1.11 1.24 1.00 1.04 0.89
b 0.97 0.93 1.06 0.83 1.20
c 1.20 0.98 1.01 1.04 1.15

4 a 1.19 1.14 1.17 1.00 1.07
b 1.17 1.16 1.14 1.06 1.15
c 1.23 1.14 1.04 1.04 1.16
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TABLE 2 SUMMARY DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHCD
MATERIAL- P

LABORATORY REPLICATE
A B C D E

1 a 2.18 2.46 2.80 3.23 2.13
b 2.24 2.56 2.18 3.13 2.76
c 2.54 2.35 2.15 3.21 2.58

2 a 2.46 2.54 2.74 3,22 2.71
b 2.46 2.35 2.75 3.02 2.80
c 2.58 2.53 2.49 3.15 2.83

3 a 2.99 3.36 2,76 3.64 2.83
b 2.61 2.82 2.96 2.92 3.25
c 3.05 2.92 2.80 3.35 3.16

4 a 2.91 2.91 2.93 3.17 2.73
b 2.89 2.92 2.87 3.29 2. 196
c 2.99 2.89 2.68 3 'Q '2.9 _

TABLE 2 SUMMARY DATA SHEET FOR INTERLABORATORY TEST PROGRA.M FOR ASTM METH.OD)

MATERIAL- Pa
LABORATORY REPLICATE

A B C D E
1 a 0.45 0.50 0.60 0.68 0.46

b 0.49 0.56 0.53 0. 6Q 0.61
c 0.53 0.53 0.49 0.66 0.61

2 a 0.62 0.62 0.59 0.68 0.62
b 0.62 0.63 0.60 0.68 0.62
c 0.61 0.63 0.61 0.67 0.61

3 a 0.63 0.63 0.64 0.71 0.69
b 0.63 0.67 0.64 0.72 0.63
c 0.61 0.66 0.64 0.69 0.64

4 a 0.59 0.61 0.60 0.68 0.61
b 0.60 0.60 0.60 0.68 0.61
c 0.59 0.60 0.61 0.68 0.61
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TABLE 2 SU"MARY DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD

MATERIAL-COT
LABORATORY REPLICATE

A B C D E
1 a 0.73 1.51 1.49 2.16 0.87

b 1.02 1.45 1.06 2.21 1.60
c 1.27 1.53 1.13 2.32 1.49

2 a 1.54 1.55 1.39 2.01 1.57
b 1.54 1.63 1.41 2.11 1.61
c 1.51 1.58 1.49 2.14 1.55

3 a 1.63 1.62 1.72 2.28 2.03

b 1.59 1.93 1.76 2.46 1.63
c 1.48 1.90 1.70 2.24 1.61

4 a 1.42 1.55 1.52 2.15 1.53
b 1.45 1.50 1.50 2.0- 1.33
c 1.42 1.55 1.51 2.16 1.51

TABLE 2 SUMMARY DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
MATERIAL-To

LABORATORY REPLICATE

A B C D E
1 a 1.40 0.28 1.85 2.06 1 .O'•

b 1.10 1.10 1.26 2.15 !.61
c 1.20 0.45 0.73 1.43 1 •

2 a 1.59 1.77 1.89 2.36 178
b 1.61 1.54 1.89 2.13 1. >
c 1.66 1.81 1.63 1.94 1.84,

3 a 2.11 2.57 1.85 3,07 .1.1,
b 1.82 2.02 2.02 2.07 2.41
c 2.19 2.07 1.93 2.31 2.4

4 a 1.96 1.91 1.91 2.21 1.90
b 1.94 1.97 1.92 2.36 2.03
c 2.02 1.85 1.82 '),-'7 ____
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL A
WITHIN

AVERAGE LABORATORY
LABORATORY X gin x.i VARIANCE

CS.__ _

I

1 1.18 1.24 1.54 1.32 0.0372

2 1.46 1.46 1.58 1.50 0.0048

3 1.99 1.61 2.05 1.88 0.0569

4 1.91 1,89 1.99 1.93 0.0028

TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL A
WITHIN

AVERAGE LABORATORY
LABORATORY Pa xc VARIANCE

1 0.45 0.49 0.53 0.490 0.0016

2 0.62 0.62 0.61 0.617 0.00003

3 0.63 0.63 0.61 0.623 0.0001

4 0.59 0.60 0.59 0.593 0.00003
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL A
WITHIN

AVERAGE LABORATORY
LABORATORY x. VARI4NCE

a C Si

1 2.18 2.24 2.54 2.32 0.0372

2 2.46 2.46 2.58 2.50 0.0048

3 2.99 2.61 3.05 2.88 0.0569

4 2.91 2.89 2.99 2.93 0.0028

TABLE 3 BETWEEN AND W'ITHIN ANALYSIS FOR MATERIAL A
WITHIN

AVERAGE LABORATORY
LABORATORY Po x. VARI4NCE

a b c 1Si 1 , %

1 1.19 1.15 1.20 1.18 0.0007

2 0.95 0.94 1.01 0.97 0.nO1

3 1.11 0.97 1.20 1.09 0. 0 134

4 1.19 1.17 1.23 1.20 o.0009
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL A
WITHIN

AVERAGE LABORATORY
LABORATORY CqT x. VARIýNCE

a c s.

1 0.73 1.02 1.27 1.01 0.0730

2 1.54 1.54 1.51 1.53 0.0003

3 1.63 1.59 1.48 1.57 0.0060

4 1.42 1.45 1.42 1.43 0.0003

TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL A
WITHIN

AVERAGE LABORATORY
LABORATORY T8 x VARIýNCE

'•a c ia C ~S. _ _

1 1.40 1.10 1.20 1.23 0.0233

2 1.59 1.61 1.66 1.62 O.ol013

3 2.11 1.82 2.19 2.04 0.0379

4 1.96 1.94 2.02 1.97 0.0017
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL B
WITHIN

AVERAGE LABORATORY

LABORATORY aX in x.4 VARIPNCE
S.

1.46 1.56 1.35 1.46 0.0110

2 1.54 1.35 1.53 1.47 0.0114

3 2.36 1.82 1.92 2.03 0.0825

4 1.91 1.92 1.89 1.91 0.0002

TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL B
WITHIN

AVERAGE LABORATORY
LABORATORY Pg xi VARIPNCE

1 0.50 0.56 0.53 0.530 0.0009

2 0.62 0.63 0.63 0.627 0.00003

3 0.63 0.67 0.66 0.653 0.0004

4 0.61 0.60 0.60 0.603 0.00003
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL B
WITH I N

AVERAGE LABORATORY
LABORATORY x. VARI4NCE

a c 2S.
1

1 2.46 2.56 2.35 2.46 0.0110

2 2.54 2.35 2.53 2.47 0.0114

3 3.36 2.82 2.92 3.03 0.0825

4 2.91 2.92 2.89 2.91 0.0002

TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR "MATERIAL B
WITHIN

AVERAGE LABORATORY
LABORATORY Po x. VARIANCE

2..
a b c s._ _

1 1.24 1.14 1.10 1.16 0.0052

2 0.96 0.86 0.93 0.92 0.0026

3 1.24 0.93 0.98 1.05 0.0277

4 1.14 1.16 1.14 1.15 0.0001
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR 1MATERIAL B

WITHIN
AVERAGE LABORATORY

LABORATORY C•T x. VARI,4NCE

1 1.51 1.45 1.53 1.50 0.0017

2 1.55 1.63 1.58 1.59 0.0016

3 1.62 1.93 1.90 1.82 0.0292

4 1.55 1.50 1.55 1.53 0.0008

TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL B

WITHIN
AVERAGE LABORATORY'

LABORATORY T x. VARIANCE
a c 1

1 0.28 1.10 0.45 0.61 0.1873

2 1.77 1.54 1.81 1.71 0.0212

3 2.57 2.02 2.07 2.22 0.0025

4 1.91 1.97 1.85 1.91 0.0036
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"TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL C
WITH iNý1

AVERAGE LABORATCRl

LABORATORY x. VAR I A NEC
aX Tin c

1 1.80 1.18 1.15 1.38 _ 1_ 4'_>

2 1.74 1.75 1.49 1.66 0.021-

3 1.76 1.96 1.80 1.84 -. ! 2

4 1.93 1.87 1.68 1.83 0.OIX)

5.v

TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL C
.5 WITHIN
," _AVERAGE LABORATORY

LABORATORY X. VAR14NCE
a Ng cAI ANCEC S.

1 0.60 0.53 0.49 0.540 0.0031

2 0.59 0.60 0.61 0.600 _ r(-)1-)!

3 0.64 0.64 0.64 0.640 ____-____

4 0.60 0.60 0.61 (.603 o.,____,3

-lp

'.'" 133
Pe

,S.•a _ , " - ', • ,' ' ' '' ' •' V , " ' " • . " •""- . -,r I ,- " • [ • •



TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR %ATERIAL C
WITHIN

AVERAGE LABORATORY
LABORATORY x. VARIANCE

a c s.

1 2.80 2.18 2.15 2.38 0.1346

2 2.74 2.75 2.49 2.66 0.0217

3 2.76 2.96 2.80 2.84 0.0112

4 2.93 2.87 2.68 2.83 0.0170

TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL C
WITHIN

AVERAGE LABORATORY
LABORATORY Po x. VARIANCE

11

1.11 1.03 1.10 1.08 0.0019

2 1.11 1.11 0.97 1.06 0.0065

31.00 1.06 1.01 1.02 0.0010

41.17 1.14 1.04 1.12 0.0046
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL C
WITHIN

AVERAGE LABORATORY

LABORATORY x. VAR 1.NC E
CDT 1aCb c s.

1 1.149 1.06 1.13 1.23 0.0532

2 1.39 1.41 1.49 1.43 0.0028

3 1.72 1.76 1.170 1.73 O.OOO0

4 1.52 1.50 1.51 1.51 0.0001

TABLE 3 BETW.EEN AND WITHIN ANALYSIS FOR MATERIAL C
W I TH I N

AVERAGE LABORATORY
LABORATORY T x. VARIANC E

Tc' 1a c S.1
1 1.85 1.26 0.73 1.28 0.3139

2 1.89 1.89 1.63 1,80 0.n'225

3 1.85 2.02 1.93 1. 93 O. 00n 2

4 1.91 1.92 1.82 1. 88 ,0.00 30
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MAkTERIAL D
WITHIN

AVERAGE LABORATORY
LABORATORY x. VARIýNC..

a X rain __

1 2.23 2.13 2.21 2.19 0.0023

2 2.22 2.02 2.15 2.13 0.0103

3 2.64 1.92 2.35 2.30 0.1312

4 2.17 2.29 2.29 2.25 0.00 8

TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR ,LTERIAL D
WITHIN

AVERAGE LABORATORY
LABORATORY Pa x. VARIPNCE

a c s i _

1 0.68 0.69 0.66 0.677 0.0002

2 0.68 0.68 0.67 0.677 0.00003

3 0.71 0.72 0.69 0.707 0.0002

4 0.68 n.68 0.68 0.680 0. 0000
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL D
WITHIN

AVERAGE LABORATORY
LABORATORY X. VARI.CE

-Va c S. _ _

1 3.23 3.13 3.21 3.19 0.0028

% 2 3.22 3.02 3.15 3.13 0.0103

3 3.64 2.92 3.35 3.30 0.1312

4 3.17 3.29 3.29 3.25 0.0048

TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL D
WITHIN

AVERAGE LABORATORY
LABORATORY Po x. VARIANCE

1 ~~s. _ _

1 1.05 0.97 1.08 1.03 0.0032

2 1.04 0.96 1.03 1.01 0.0019

3 1.04 0.83 1.04 0.97 O.n147

4 1.00 1.06 1.04 1.03 0.0009

137

• , . - . • -, • , • . - • . • • - . - • - - , • - . . , . . - . - , - .- . - - • - - . . - . . - . - . . -2• .



TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR YATERIAL D
WITHIN -

AVERAGE LABORATORY
LABORATORY CgT x i VARI NCE

a C S.

1 2.16 2.21 2.32 2.23 0.0067

2 2.01 2.11 2.14 2.09 0.0046

3 2.28 2.46 2.24 2.33 0.0137

4 2.15 2.07 2.16 2.13 0.0024

TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL D
WITHIN

AVERAGE LABORATORY
LABORATORY T x. VARI•NCE

a c S

2.06 2.15 1.45 1.89 0.1450

2 2.36 2.13 1.94 2.14 0,0442

3 3.07 2.07 2.31 2.48 0.2725

4 2.21 2.36 2.27 2.28 0.0057
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL E
WITHIN

AVERAGE LABORATORY

LABORATORY X win x i VARIVNCE

a S1

1 1.13 1.76 1.58 1.49 0.1053

2 1.71 1.80 1.83 1.78 0,0039

3 1.83 2.25 2.16 2.08 0.0489

4 1.78 1.96 1,99 1.91 . 0.0129_

TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL E
WITHIN

AVERAGE LABORATORY

LABORATORY Pe xi VARIVNCE
a C S ___.

1 0.46 0.61 0,61 0,560 0.0075

2 0.62 0.62 0.61 0.617 0.00003

3 0.69 0.63 0.64 0.653 0.0010

4 0.61 0.61 0.61 0-.610 0,0000
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MAt-TERIAL E
WITHIN

AVERAGE '--LBORATOR*"
LABORATORY ... ( 'ARi "GE

ac s

1 2.13 2.76 2.A8 2.49 ). 1053

2.71 2.80 2.83 2.78 C.0039

3 2.83 3.25 3.16 3.08 0.0!481-4

2.78 2.96 2,99 2. 0.01>

TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MAT-EIAL

WI THI N
AVERAGE LABORIATORY

LABORATORY Po x. VAR 14N C F
a b c s._ _1 s.t

1 1.15 1.09 0.99 1.08 o.0065

2.04 1.08 1..1 -0' 2

0.39 1.20 1.15 1.03 0.O2-

1.07 1. 15 1. 16 I. 1 0.)
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL E
WITHIN

AVERAGE LABORATORY
LABORATORY aCT x. VARIAkNCE

C 1.

10.1 1 . 60 1.149 1. 32 0. 1549

21._57 1._61 1.55 1.58 0.0009

3 2.03 1.63 1.61 1.76 0.0561

4 1.53 1. 53 1. 51 1. 52 0. 0001

TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MtAkTERIAL E
WITHIN

AVERAGE LABOPATORY
LABORATORY T8 x. VARIýNCE

a C S.

11.09 1.61 1.79 1.50 0.1321

2 1.78 1.78 1.84 1.80 O.0012

2.18 2.41 2.43 2.34 0.0193

41.90 2.03 2.13 2.02 0.0133
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TABLE 4 AVERAGES, COMPONENTS OF VARIANCE, AND VARIANCES FOR ALL MATERIALS
COMPONENTS OF VARIANCE VARIANCE

MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN
X min LABORATORY LABORATORY T\BORATORY LPABORAT-R':

A 1.66 0.0254 0.0790 0.0254 0.104) -

C 1.68 0.0461 0.0308 0.0461 O_ _ 6 1)

B 1.72 0.0263 0.0786 0.0263 (). 10__

E 1.82 0.0428 0.0477 0/4 28 8.0905

D 2.22 0.0373 -0.0070 0.0373 0.0310 3

TABLE , AVERAGES. COMPONENTS OF VARIANCE, AND 'VAARIA';CES FOR ALL. MATERIAL.S.
COMPONENTS OF VARIANCE VARIANCE

MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN'
Pa LABORATORY LABORATORY LA\BC•PA.TORY LABORATnR'l"

A 0.581 0.0004 0.0037 0.0004 O.0O041

C 0.596 0.0008 0.0014 n.00Cg8 n.0,fl2

B O.60 6 (3 0. C . 00_2_7 C_.__ _ (). w9

E 0.610 0.0021 0.O(f, (.021 3.

D 0.686 0.0001 (0.(00()2 0. 0]0I 0. r0(3
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TABLE 4 AVERAGES, COMPONENTS OF VARIANCE, AND VARIANCES FOR ALL MATERIALS
COMPONENTS OF VARIANCE VARIANCE

MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN
P LABORATORY LABORATORY LABORATORY LABORATORY

A 2.66 0.0254 0.0790 0.0254 0.1044

C 2.68 0.0461 0.0308 0.0461 0.0769

B 2.72 0.0263 0.0786 0.0263 0.1049

E 2.82 0.0428 0.0477 0.0428 0.0905

D 3.22 0.0373 -0.0070 0.0373 0.0303

TABLE 4 AVERAGES, COMPONENTS OF VARIANCE, AND VARIANCES FOR ALL MATERIALS
COMPONENTS OF VARIANCE VARIANCE

MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN
Po LABORATORY LABORATORY LABORATORY LABORATORY

D 1.01 0.0052 -0.0009 0.0052 0.0043

B 1.07 0.0089 0.0095 0.0089 0.0184

C 1.07 0.0035 0.0005 0.0035 0.0040

E 1.09 0.0095 -0.0026 0.0095 0.006Q

A 1.11 0.0041 0.0096 0.0041 0.0137
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TABLE 4 AVERAGES, COMPONENTS OF VARIANCE. AND VARIANCES FOR ALL MATERIALS
COMPONENTS OF VARIANCE VARIANCE

MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN
COT LABORATORY LABORATORY LABORATORY LABORATORY

A 1.39 0.0199 0.0594 0.0199 0.0793

C 1.48 0.0143 0.0380 0.0143 0.0523

E 1.55 0.0530 0.0152 0.0530 0.0682

B 1.61 0.0083 0.0182 0.0083 0.0265

D 2.20 0.0069 0.0093 0.0069 0.0162 "

TABLE 4 AVERAGES, COMPONENTS OF VARIANCE, AND VARIANCES FOR ALL MATERIALS
COMPONENTS OF VARIANCE VARIANCE

MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN
To LABORATORY LABORATORY LABORATORY LABORATORY

B 1.61 0.0762 0.4653 0.0762 0.5415

A 1.72 0.0161 0.1329 0.0161 0.1490

C 1.72 0.0867 0.0610 0.0867 O. 147-

E 1.92 0.0415 0.1119 0.0415 0.1534

D 2.20 0.1169 0.0225 0.1169 0.1394
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TABLE 5 AVERAGES, STANDARD DEVIATIONS, AND COEFFICIENTS OF VARIANCE
FOR ALL MATERIALS

STANDARD DEVIATIONS COEFFICIENTS OF VARIANCE

MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN
X min LABORATORY LABORATORY LABORATORY LABORATORY

A 1.66 0.1594 0._3231 0.0960 0.1946

C 1.68 0.2147 0.2773 0.1278 0.1651

B 1.72 0.1622 0.3239 0.0943 0.1883

E 1.82 0.2069 0.3008 0.1137 0.1653

D 2.22 0.1931 0.1741 0.0870 0.0784

TABLE 5 AVERAGES, STANDARD DEVIATIONS, AND COEFFICIENTS OF VARIANCE
FOR ALL MATERIALS

STANDARD DEVIATIONS COEFFICIENTS OF VARIANCE
MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN

Pa LABORATORY LABORATORY LABORATORY LABORATORY

A 0.581 0.0200 0.0640 0.0344 0.1102

C 0.596 0.0283 0.0469 0.0475 0.0787

B 0.603 0.0173 0.0548 0.0287 0.0909

E 0.610 0.0458 0.0539 0.0751 0.0884

D 0.686 0.0100 0.0173 0.0146 0.0252

145

, . . . . , . . .. . .,. •. .,• . . . . . . . . ~ . %. • •. .. % - •,,,. -• " ,. •. - •.•'. . % "•, •, " " "i* , - "



TABLE 5 AVERAGES, STANDARD DEVIATIONS, AND COEFFICIENTS OF VARIATION
FOR ALL MATERIALS

STANDARD DEVIATIONS COEFFICIENTS OF VARIATION
MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN

P LABORATORY LABORATORY LABORATORY LABORATORY

A 2.66 0.1594 0.3231 0.0599 0.1215

C 2.68 0.2147 0.2773 0.0801 0.1035

B 2.72 0.1622 0.3239 0.0596 0.1191

E 2.82 0.2069 0.3008 0.0734 0.1067

D 3.22 0.1931 0.1741 0.0600 0.0541

TABLE 5 AVERAGES, STANDARD DEVIATIONS, I'D COEFFICIENTS OF VARIATION
FOR ALL MATERIALS

STANDARD DEVIATIONS COEFFICIENTS OF VARIATION
MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN

Po LABORATORY LABORATORY LABORATORY LABORATORY

D 1.01 0.0721 0.0656 0.0714 0.0650

B 1.07 0.0943 0.1356 0.0881 0.1267

C 1.07 0.0592 0.0632 0.0553 0.0591

E 1.09 0.0975 0.0831 0.0894 0.0762

A 1.11 0.0640 0.1170 0.0577 0.1054
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TABLE 5 AVERAGES, STANDARD DEVIATIONS, AND COEFFICIENTS OF VARIATION
FOR ALL MATERIALS

STANDARD DEVIATIONS COEFFICIENTS OF VARIATION
MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN

COT LABORATORY LABORATORY LABORATORY LABORATORY

A 1.39 0.1411 0.2816 0.1015 0.2026

C 1.48 0.1196 0.2287 0.0808 0.1545

E 1.55 0.2302 0.2612 0.1485 0.1685

B 1.61 0.0911 0.1628 0.0566 0.1011

D 2.20 0.0831 0.1273 0.0378 0.0579

TABLE 5 AVERAGES, STANDARD DEVIATIONS, AND COEFFICIENTS OF VARIATION
FOR ALL MATERIALS

STANDARD DEVIATIONS COEFFICIENTS OF VARIATION
MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN

"To LABORATORY LABORATORY LABORATORY LABORATORY

"B 1.61 0.2760 0.7359 0.1714 0.4571

A 1.72 0.1269 0.3860 0.0738 0.2244

C 1.72 0.2944 0.3843 0.1712 0.2234

E 1.92 0.2037 0.3917 0.1061 0.2040

D 2.20 0.3419 0.3734 0.1554 0.1697
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APPENDIX B

CLAY-GEL TEST PROCEDURE

AIR FORCE ENGINEERING SERVICES CENTER

TENTATIVE TEST PROCEDURE (AFESC-1)

CHARACTERISTIC GROUPS IN ASPHALT BINDER BY THE
CLAY-GEL ADSORPTION CHROMATOGRAPHIC METHOD
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Draft of Tentative Test Method (AFESC- 1) for

CHARACTERISTIC GROUPS IN ASPHALT BINDER BY THE
CLAY-GEL ADSORPTION CHROMATOGRAPHIC METHOD

01.0 SCOPE.

B 1.1 This method covers a procedure for separating bituminous
materials into four generic fractions; asphaltenes, saturates, aromatics,
and polars and the determination of the amounts of each. When the
sample contains more than one percent insolubles in n-pentane
(asphaltenes), the method provides for removal of the insoluble material
prior to chromatographic fractionation, and the determination of the
amount present.

Note I - (Clay choice important). When clays other than the original

Florex S clay are used for the determination of polar compounds, the
results may not necessarily be equivalent.

62.0 APPLICABLE DOCUMENTS.

B2.1 ASTM Standards:

D 216, 'Standard Method for Distillation of Natural Gasc'ine'.1

D 329, "Standard Specification for Acetone'. 2

D 1159, "Standard Test Method for Bromine Number of Petroleum
Distillates and Commercial Aliphatic Olefins by Electrometric
Titration-.

3

D 2226, 'Recommended Practice for Description of Types of Petroleum
Extender Oils•.

1. 1982 Annual Book of Standards, Volume 05.01.

2. 1981 Annual Book of Standards, Volume 06.03.

3. 1984 Annual Book of Standards, Volume 05.01. J

4
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4. 1982 Annual Book of Standandards, Volumes 05.02 and 09.01.

03.0 SUMMARY OF METHOD.

03.1 The sample is dissolved in n-pentane and filtered to remove
asphaltenes (Note 2). The filtered solution is rotary evaporated to
remove the n-pentane solvent. Solvent is then charged onto two glass
percolation columns connected in series, containing clay in the upper
sections and silica gel (plus clay) in the lower section (see Figure 51).
The effluents from this and succeeding chargings are separately collected
in specified volumes.

Note 2- The insoluble matter (asphaltenes) must be removed from the
sample prior to charging the column if the asphalt samples contain
more than one weight percent n-pentane insolubles, as determined in

Section 59.

The upper (clay) section is removed from the lower section and washed
further with n-pentane. An acetone-toluene mixture 63 percent acetone
to 37 percent toluene by volume, is then charged to the cloy section.
Methylene chloride is used as a final eluent to strip polar compounds from
the clay column.

The lower (silica) column is charged with a toluene-acetone mixture of
80 percent toluene to 20 percent acetone by volume. Pure toluene is used
as a final eluent to strip aromatics from the silica column

B3.2 The solvents are completely removed from the recovered
effluents by the use of a rotary evaporator and the residues are weighed
and calculated as saturates, aromatics, and polar compounds. See Figure
82 for a Ilow chart of the procedure.

04.0 SIGNIFICANCE AND USE.

04. 1 Concentrations of characteristic hydrocarbon groups as
determined by this method are used to classify bituminous materials.
Compatibility and certain finished product properties can often be
correlated with the composition as determined by this method.
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05.0 DESCRIPTION OF TERMS.

135.1 The following descriptions refer to the hydrocarbon types and
structural groups as measured by this method

85.1.1 Asphaltenes, or n-pentane insolubles. Insoluble matter that
can be separated from the asphalt.

05.1.2 Polar compounds. Material retained on adsorbent clay after
percolation of the sample in a n-pentane eluent under the conditions
specified.

Note 3- For classification purposes, the group "polar aromatics' or
"resins' is the same as -polar compounds.

85.1.3 Aromatics. Material that on percolation, passes through a
column of adsorbent clay in a n-pentane eluent, but adsorbs on silica
gel under the conditions specified.

05.1.4 Saturates. Material, that, on percolation in a n-pentane
eluent, is not adsorbed on either clay or silica gel under the conditions
specified.

'..

06.0 APPARATUS.

06. 1 Two clay-gel columns, 40 mm diameter by 3 18 mm from top of
column to top of fritted glass. 70 mm from top of fritted glass to bottom
of column, constructed as illustrated in Figure 81

66.2 Conical flask, wide mouthed, graduated 500 and 1000 ml
capacity. Six required, see Section 810 for identification details.

06.3 Convection oven.

06.4 Filter funnel, Buchner-type, glass 150 ml capacity, 60 mm
diameter, fine porosity filter disk.

06.5 Filter funnel, long stem 100 mm diameter (option.ji).
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B6.6 Filter flask, 500 ml.

06.7 Hot-water bath with nitrogen jets.

06.8 Hot plate.

B6.9 Rotary evaporator, including boiling flask, collecting flask,
water condenser, nitrogen jet, hot water bath and vacuum.

06. I 0 Vacuum and vacuum tank.

07.0 REAGENTS AND MATERIALS.

07. 1 Acetone, reagent grade.

87.2 Acetone-toluene mixtures (20 acetone to 80 toluene and 63
acetone to 37 toluene by volume).

87.3 Clay adsorbent, 30 to 60 mesh Attapulgus. Clay quality must be
determined using the azobenzene activity test according to ASTM 2007 .
The azobenzene activity test measures the adsorptive characteristics of
the cloy. Azobenzene activity value should be 26 to 29. Clay outside of
these limits should be discarded.

07.4 Methylene chloride, reagent grade.

87.5 Molecular sieves 8-12 mesh. Approximately 20g are placed in
reagent containers to remove water. Sieves should be prevented from
entering columns during test.

07.6 Pentane, reagent grade.

B7.7 Silica gel, activated, 28 to 200 mesh. This material is available
from Forcoven Products, Inc., Box 1488, Humble, TX, 77338 and

specifically prepared for ASTM D 20075.

5. D 2007-80, "Standard Test Method for Characteristic Groups In Rubber
Extender and Processing Oils by the Clay-Gel AdsorTption Chromatographic

Method".1985 Annual Book of ASTM Standards, Volume 09.01

15344
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07.8 Toluene, reagent grade.

137.9 Trichloroethylene, technical grade.

B8.0 PREPARATION OF SAMPLE.

08.1 If the n-pentane insolubles content is known to be above one
percent by weight, or if there is some uncertainty that this content is not
below one percent by weight, remove and determine any such insolubles
as described in Section 59.

08.2 If it is certain that the n-pentane insolubles content is less
than one weight percent, proceed to Section 8 10.

09.0 INSOLUBLES REMOVAL.

19. 1 Weigh 2.5 ± 0.05 g of the sample to the nearest 0.000 1g in a
preweighed 250 ml conical flask; add 62.5 ml n-pentane (25 ml/g of
sample) and mix well. Allow the sample to stand overnight. Use a glass
stirring rod to gently break up the clump of asphalt. Start at the edge of
the clump and work inward to solubilize as much asphalt as possible.

89.2 Set up a filtering assembly using a 500 ml suction flask and a
150 ml capacity glass Buchner funnel. Filter the sample-n-pentane
mixture. Rinse out the conical flask twice with 10-20 rn' n-pentane and
pour the two rinse solvents through the filtering funnel. -h-is flask
should be retained for later weighing; see Section 11 3

09.3 Add approximately 500 ml of pentane solvent, in four or five
equal portions, to the filter funnel just when the precipitate collected in
the funnel appears dry on the surface. Wash the inner walls of the funnel
with 10-20 ml of pentane solvent. Place aluminum foil (or other suitable

material) over the top of funnel and remove funnel from filtering flask
(Note 4). Pour filtrate into 1000 ml boiling flask and place in rotary
evaporator to remove solvent, as described in Section 9.4 Return Buchner
to filtering flask and wash twice more, as before, with 500 ml of
pentane Rolary evaporate after each wash.
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The covered Buchner should be placed in a drying oven for one hour in
order to remove any water that remains on the funnel or in the
asphaltenes, removed and placed in a dessicator to cool, and then weighed.
This procedure should be repeated until a constant weight is obtained.
This precipitated material remaining on the filter is the asphaltene
fraction.

Note 4- The Buchner is covered to decrease the possibility of losing
any of the drying asphaltenes into the fume hood.

09.4 Adjust the boiling flasks containing the filtrate over the warm
water bath of the rotary evaporator such that the flasks just touch the
water. The flask can be lowered as solvent evaporates. The temperature
of the water should be 70 ± 2.OC (158 ± 4F). A nitrogen iet should be
extended into the boiling flask with vacuum and condensinr witer turned
on. The solvent will evaporate and condense into the receiving flask.

Solvent collected in the receiving flask should be discarded. When most
of the solvent has evaporated, remove the boiling flask from the rotary
evaporator and wash down with 20-25 ml n-pentane Set 'he flask aside
until the next pentane wash is required. After evaporation of the third
and final pentane rinse, the recovered material, which contains the
n-pentane solubles and approximately 50 ml of pentane is combined and
used to charge the clay-gel column as described in Sect ion 510.2.

B[10.0 FRACTIONATION.

010.1 Assemble a set of receiving flasks and identify as follows

For saturates

I - 500 ml conical flask marked "A-.

For aromatics

i - 500 ml conical flask marked "8-.
I - 1000 ml conical flask marked -C-.
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For polar compounds

I - 500 ml conical flask marked V.
I - 1000 ml conical flask marked 'E'.
I - 500 ml conical flask marked 7F.

1310.1.1 Prepare the adsorption column (Figure 8 1) by placing IOg
of Attapulgus Clay in the upper section of the column and 200g of
silica gel (activated) plus SOg of clay on top of the gel in the lower
section.

Note 5- It is important that the adsorbents in each column be
packed uniformly and to a constant level. The upper columnn is
packed in two lifts with approximately 50g in each lift. After.each
lift, pack the column using 12 taps with a soft rubber hammer to
the area where the clay is in the column. Continue Lhe tapping a
four points approximately 900 apart around the column. The top of
the clay is then tapped 20 times to achieve a constant level. After
each lift is added to the column, repeat the procedure of turning,
tapping the sides, and tapping the top. A rubber hammer may be
assembled by fitting a small metal rod, about 260mm long, into the
side of a No. 10 rubber stopper. A longer metal rod, about 500mm,

can be fitted into the top of a No. 6 rubber stopper for use in
tapping the top of the packing material.

o 10. 1.2 The lower column is packed with approximately three
equal lifts of silica gel and one lift of the 50g of clay. Place a piece
of glass wool (of about 25 mm loose thickness) over the top surface ,).n
of the clay in the upper column to prevent agitation and disturbance of
the clay while charging the column with eluent solvents. Join the clay

over gel columns with a No. 10 rubber stopper.

B10.1.3 Fresh adsorbents should be used for each oetermination as

adsorption capacities become limited after use. The columns should
not be packed more than a few hours prior to their use as moisture
from the air can be adsorbed on the clay and silica surfaces. In
addition, the packed columns should be covered with aluminum foil if
the columns remain unused for more than 15 minutes.
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B10.1.4 Place a preweighed 500 ml conical flask'A° under the
column assembly that will be used to collect the saturate fraction.
Place another preweighed conical flask "1" to the side so that when
the column is disconnected later, the aromatic fraction from the upper
column can be collected into that flask.

B 10.2 Add 25 ml n-pentane to the top of the clay portion of the
assembled column and allow to percolate into the clay. After most of the
pentane has entered the column, charge to the column the n-pentane
diluted sample that was prepared according to B9,4. See Figure 83.

Note.6- The sample and eluents may be added to the column through a
65 mm diameter long stem funnel (the funnel can remain on top of the
column). At no time after the initial charge of pentane has been added
should air be allowed to enter the clay bed. This is accomplished by
keeping a continuous flow of liquid through the column until the
specified volume of effluent is collected. After the columns have been
separated, air can be introduced as the subsequent processes involve
only the stripping of materials from the adsorbents

Wash the sample flask with n-pentane and add the washings to the
column. After most of this material has entered the clay, wash the walls
of the column above the clay free of sample with n-pentane.

B 10.3 After most of the washings have entered the clay, charge
n-pentane to the columns and maintain a head level well above the clay
bed to wash the saturate fraction of the sample from the adsorbents.
Collect 250 ± 10 ml of the first pentane effluent in flask -A".

B 10.4 Disconnect the two column sections, plocing lhf, 500 ml
flask -8- for collecting the aromatics under the upper or fliy column.
Place flask -A" under the lower or silica column.

Rinse the walls of the lower or silica gel column and allow to drain for
30 minutes into flask 'A', yielding 300 t 10 ml total effljent. The
saturate fraction is in this solution .

Continue washing the upper clay section with n-pentane. Maintain a
moderate liquid head level above the clay during this wash and adjust
n-pentane additions so that the level is about 25 mm above the clay.
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When 250 ml has been collected in flask "1', wash the walls of the column
with 10-20 ml n-pentane. Discontinue the n-pentane additions at this
point and allow the solvent to drain for 30 minutes. The effluent quantity
after draining should be between 275 and 300 ml. The first part of
the aromatic fraction is in this solution.

010.5 Remove the receiver flasks from both columns replacing the
lower or silica gel column receiver with a 1000 ml conical flask "C"
which will be used to collect additional aromatics.

B 10.5.1 The filled receiver flask 'A" for the lower column
(saturates) should be placed on a hot water bath as described in
Section 11.

O 10.5.2 The upper clay column receiver should be replaced with
another 500 ml flask "D' which will be used to collect the first part of
the polar fractions.

Set aside the filled receiver flask "6" for the upper column
(aromatics), as the final effluent for aromatics wii be added to this
material later.

610.6 The solvent system for aromatics consists of a acetone-toluene

mixture proportioned 20 percent acetone to 80 percent toluene by volume
of mixture.

010.6.1 Pour the acetone-toluene mixture onto the silica column
to collect 1000 to 1025 ml effluent.

Replace the filled receiving conical flask "C" with the flask containing
the first aromatic effluent (flask "B" that now should contain
approximately 300m) of solution)

Charge the lower silica column with the final eluent using
approximately 100 ml of pure toluene to insure complete stripping of
aromatics from the silica column.

O 10.7 The solvent system for polar compounds is an acetone-toluene
mixture proportioned 63 percent acetone to 37 percent toluene by volume
of mixture.
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B10.7. 1 Pour the acetone-t ;uene mixture onto the clay column to

collect approximately 500 ml effluent.

Replace the 500 ml polar compound receiver flask -D" with a 1000 ml

conical flask -E' and continue to pour polar solvent through the column

until approximately 1000 to 1025 ml effluent has been collected.

010.7.2 Replace this filled receiver 'E' with a 500 ml conical
flask 'F" to receive the final effluent.

Charge the upper clay column with the final eluent using
approximately 200 ml of methylene chloride to insure complete
stripping of polar compounds from the column.

6 1 1.0 SOLVENT REMOVAL.

011 .1 Solvents are removed from the saturate-solvent solution (flask
"A") by the use of a hot water bath (temperature at approximately 71C
(160F)).

The receiving flask is adjusted so that the flask is slightly immersed into
the water bath. Place a nitrogen jet 40 to 50 mm above the liquid in the
flask and open the nitrogen valve to the point that the gas only mildly
cuts into the surface of the liquid Low.er the nitrogen jet occassionly
during the evaporation but do not place it below the surface of the liquid.
When the solvent has been completely evaporated, remove the flask from

I'• the water both.

01 1.2 Solvents are initially removed from the aromatic and polar

compound solutions by the use of a rotary evaporation system in
accordance with Section 89.4. The recovered rotary evapora.ed material
is transferred using two washes of n-pentane (10 to 20 ml each) and a
final wash of toluene (10 to 20 ml) to the preweighed conical flask for
the appropriate aromatic or polar fraction.

All flasks, including the saturate flask, are then placed on a hot plate at
approximately 260C (500F).
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Note 7- If a temperature controlled hot plate Is not available, a hot

plate set on high heat may be used with the flask set on a wire gauze.

Sweep the surface of the residue with nitrogen. Remove the flask from
the hot plate when the first trace of smoke appears at the top of the
flask.

With saturates and aromatics only one such heating is necessary.
For polars, two heatings will be required.

Place samples in a convection oven at I IOC (230F) for I 1/2 to 2 hours.
Flasks should then be placed in a dessicator and cooled to room
temperature. After the sample flasks have cooled to room temperature,
weigh each flask to determine the amount of residue by subtracting the
initial weight of the flask.

O 11.3 To determine the asphaltenes residue, weigh the oven-dried
Buchner funnel and subtract the initial weight of the funnel, weigh the
oven-dried Buchner funnel and subtract the initial weight of the funnel.
Weigh the the oven-dried 250 ml conical flask (Section 6 9.2) and
subtract the initial weight of the flask. Add these two weights to
determine the asphaltene residue. %

B 12.0 CALCULATIONS.

B12.1 Calculate the amounts of asphaltenes (n-pentane insolubles),
saturates, aromatics, and polar compounds in the samples as follows

Asphaltenes, weight percent ( B / A ) x 100

Saturates, weight percent ( C / A ) x 100

Aromatics, weight percent D( / A) x 100

Polar compounds, weight percent ( E / A ) x 100
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Where

A = grams of original sample used.

B = grams of sediment filtered from n-pentane-sample mixture (Buchner

funnel).

C = grams of residue from n-pentane effluent (flask 'A").

D = grams of residue from n-pentane effluent of upper or clay column
after column separation plus residue from aromatic solvent effluent of
lower or silica gel column residue plus residue from toluene final

effluent of lower column (flasks -8' and "C').

E = grams of residue from the 500-1000 ml polar compound effluent plus

residue of final effluent of methylene chloride, all from the upper or clay
column (flasks -D', "E", and "F).

B 12.2 Normalizations.

Normalized percent for asphaltenes = (weight percent of asphaltenes ) x F

Normalized percent for saturates (weight percent of saturates) x F

Normalized percent for aromatics = (weight percent of ar-omatics) x F

Normalized percent for polar compounds
(weight percent of polar compounds) x F

Where F = 100 / G, and

G = sum of asphaltene, saturate, aromatic, and polar compound weight
percent.

013.0 PRECISION.

013.1 There is no precision statement at present. A nile of thumb for

a single operator with a single bitumen sample is that the: total
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calculated percentages of asphaltenes, saturates, aromatics and polar
compounds should add to at least 92 percent recovery.

Two runs by the same operator on the same bitumen sample should be

suspect if any component is not within one calculated percent of that

calculated in the previous run

0 14.0 REPORT.

014.1 The report should contain calculated and normalized percentages
of components. Additionally, the report should contain the approximate

amounts of materials collected in each receiver.

015.0 NOTES.

015.1 Place approximately 20g of molecular sieves in the reagent

"containers to absorb water. Insure that sieves are not removed from the
reagent container during transfer of the reagent from the container to

columns or other test containers.

8 15.2 Prior to the day of the test, weigh one 250 ml conical flask,

three 500 ml conical flasks and one Buchner funnel- Place the sample in
the 250 ml flask and reweigh to obtain sample weight.

B15.3 Prior to the day of the test, place 62 5 ml of n-pentane in the

sample flask and allow to stand overnight

815.4 Trichloroethylene is used for cleaning of the glassware,

especially the fritted disk of the columns and Buchner funnels. The
cleaning process is as follows

Buchner funnels are cleaned by placing them on filterirg flasks
and filling the funnel with trichloroethylene twice. ECCh
trichloroethylene wash is followed by three fillings and washings

with distilled water allowing the solvent and water to filter through

completely before the next trichloroethylene washing.
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Columns are washed using two trichloroethylene washes followed by
three distilled water washes following the same procedure as for the
funnels.

015.5 In washing the receiver flasks and boiling flasks from the
rotary evaporator it is important to use only n-pentane prior to the
separation of the columns. After the columns have been split, the
washing is conducted with two washings of n-pentane and a final wash of
toluene.
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* Figure B1. Clay-Gel Apparatus.
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Figure 83. Procedure Schematic.
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CLAY GEL DATA FORM
ASPHALT CHEMICAL COMPOSITION ANALYSIS [.STM 02002

PROJECT 1D DATE

SAMPLE TD TECHNICIAN

CALC. BY: CHECKED BY:

A. TARE WEIGHTS:

I. EF # (S) INIT. WT. gm
2. EF # (AR) INIT. WT. gm

3. EF # (PC) INIT, WT. .gm

4. BF # (A) _ _ _ _ _ _ _ _ _ _ _ _ _ IN . WI __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _gm

5. EF I (A) INIT. WT. gm
',iPL[_ F _____ _______________ 'I m

B. FINAL WEIGHTS:

1. EF # (s) ____gm u n
2. EF ?I (AP ,;_ ga _ _ _ _

3. EF # ("PC) _ gm _ _ _

4. BF # (A) 9_ m _m
5. ER # __ (A) .gm qmn

C. FRACTIONAL COMPOSITION PERCENTAGES

I. % SATURATES wt. (EF + S) - wt. EF x 100
Total Sample Weight

2. % ARO.AIATICS =wt. (EF + AR) - wt. FF x 100
Total Sample Weight

3. % POLAR CMPDS = wt. (EF + PC) - wt. EI-
Total Sample Weighit

4. % ASPHALTENES -- [wt. (BF + A) - wt. BRF] (wt. (EF 4 Residue) wt. EF]
lotul §.anp e Ieir) ht

NORMAL I ZA T I ONS:

SATURATFS ARIOMA- I. cH , ' 1 ,'," " __. j I}IA - --

NO~R1AI W !ED

AVERAGE
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APPENDIX C

COMPATIBILITY BY HEITHAUS FLOCCULATION

A!R FORCE ENGINEERING AND SERVICES CENTER

TENTATIVE TEST PROCEDURE (AFESC-2)

DETERMINING COMPATIBILITY OF BITUMINOUS MATERIALS USING
A MODIFIED IJEITHAUS FLOCCULATION RATIO TEST PROCEDURE

16
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Draft of Tentative Test Method (AFESC-2) for ,'U

DETERMINING COMPATIBILITY OF BITUMINOUS MATERIALS USING
A MODIFIED HEITHAUS FLOCCULATION RATIO TEST PROCEDURE

A 1.0 SCOPE.

A I.1 This method covers the measurement of solution properties of
bituminous binders by the modified Heithaus Flocculation Ratio Method.
This rmethod is for use with recovered aged binders, virgin asphalts,
asphaltene-containing modifiers, and blends of recovered aged binders
with modifiers and/or virgin binders.

A2.0 APPLICABLE DOCUMENTS.

A2. I ASTM Standards:

D 70, -Standard Test Method for Specific Gravity of Semi-Solid
Bituminous Materials".2

D 979, 'Standard Methods for Sampling Bituminous Paving Mixtures'.2

D 1856, 'Standard Test Method for Recovery of Asphalt from Solution by
Abson Method. 2

D 2172, 'Standard Test Methods for Quantitative Extraction of Bitumen
from Bituminous Paving Mixtures".2

A3.0 SUMMARY OF METIIOD.

A3. I A l.Og sample of bitumen or bitumen blend is placed in a 50 ml
flask. Four additional l.Og samples are placed in 125 ml: losks. The
sample in the 50 ml flask is solvated in 0.5 ml of reagent grade toluene.
The samples in the four 125 ml flasks are solvated in 1.0, 2.0, 4.0,
and 6.Oml of the same solvent. To each solution, n-dodecane titrant is
added until flocculation is detected.
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The volumes of toluene (polar) and n-dodecane (non-polfr-r recorded for
each test are used to determine the following solubility properties

e Asphaltene Peptizability (P.).

a Maltene Peptizing Power (Po).

e State of Peptization of an Aspnaltene Dispersion (P).

A4.0 SIGNIFICANCE AND USE.

A4. I This method provides a means of determining the relative
compatibility between blends of bituminous materials This is
particularly crucial in recycling applications which invnrve blends of
field aged binders of unknown origin, modifiers, and/,or virgin binders

A5.0 DESCRIPTION OF TERMS.

A5. I Flocculation ratio (FR) is defined as the minimum volume
proportion of non-polar solvent in an polar/non-polar solution
necessary to prevent precipitation of asphaltenes 3

A5.2 Dilution ratio (DR) is the ratio of the total volume of polar and
non-polar solvent to the mass of asphalt sample3

A5.3 Asphaltene peptizability (P6 ) is the ability of the asphaltenes to

remain dispersed. This parameter is related to the flocculotion ratio and
is expressed as ( I - FRmax j where FRmax is the intercept on the FR axis

of Figure C1(b).

A5.4 X is the minimum volume of non-polar solvent (n-dodecane)

required to precipitate the least amount of asphnlten.,s Fbhis parameter

can be approximated by T0 where TO is the intercept on tlve T axis of

Figure C2
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A5.5 Maltene peptizing power (P.) is the ability of the maltene

fraction to disperse the asphaltenes. P0 is expressed as

FRmax(Xmin + I)

A5.6 State of peptization (P) represents the overall solubility
properties of the entire solution. This parameter is expressed as

PO I - Pa ) oras ( Xmin* I.

A6.0 APPARATUS.

A6.1 Buret, glass 50 ml with 1/10 subdivisions and teflon bore
stopcock.

A6.2 Double buret clamp.

A6.3 Camera with microscope adapter.

A6.4 Dessicator, glass, non-vacuum, 160 mm I.D. x 255 mm and
dessicator plate, 140 mm diameter.

A6.5 Filter paper, 7.0 cm, medium.

A6.6 Conical flask, 50 ml and 125 ml.

A6.7 Funnel, filtering, 55 mm top diameter, 63 mrm series.

A6.8 Glass rods for making spot tests. 125 mm (5 in,ctý) length.

A6.9 Magnetic stirrers with magnetic stir bars

A6. 10 Microscope with transmitted light features and movable stage.

AC) I Pipets, disposable. For making smears on microscope slides

A6.12 Ring stands for burets-

A6.13 Thick hanging drop slides, medium, two cavities
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A6.14 Cover slides 22 x 22 mm, No. 1 1/2.

A6.15 Timer.

SA7.0 REAGENTS AND MATERIALS.

A7. I N-dodecane, reagent grade.

A7.2 Toluene, reagent grade.

A7.3 Toluene : dodecane mixture, 50 50 by weight.

A7.4 Trichloroethylene, technical grade. Used for cleaning glassware.

A8.0 PREPARATION OF SAMPLE.

A6.1 itumen for testing should be frozen at 6F (-1 4C) to facilitate
the weighing process. After weighing, bitumen should be warmed in an
oven to approximately 1 IOC (230F) for 5 to 10 minutes before
introduction of the solvent.

A8.2 Weigh 1.0000 ± 0.0500g sample into a 50 ml flask. Weigh four
1-0000 ± 0.0550g samples into each of four 125 ml flasks.

Dissolve the sample in the 50 ml flask with 0.5 ml of polar solvent

(toluene). Dissolve the remaining four samples in 125 ml flasks in
* volumes of 1.0, 2.0, 4.0, and 6 0 ml of toluene Use arragn•. ic stirrer to

bring samples into solution. Record sample weights and comments using
the ý,ppropriate data forms. Ambient temperature should be maintained at

W 70 ± 5F (2 1 ± 3C).

A9.0 FLOCCULATION OBSERVATIONS.

A9. I Before beginning titrations, check to determine that all of the
sample has gone into solution. If not, continue stirring until all sample is
dissolved.
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Start with the 1.0, 2.0, 3.0, and 4.0 ml flasks, titrate dodecane in
increments of 1.0 ml, see Section A13, -Titration Guide. After titration
is completed for these flasks, test the remaining 0.5 ml flaisk. It is
important to record all titrations and comments on the appropriate data
sheet.

After each addition of n-dodecane, place flask on magnetic stirrer and
stir for 5 minutes. Let mixture set for an additional 5 minutes and
observe for flocculate as described below.

A9.2 Set microscope to a range of 100- 150x magnification. To
prepare microscope slide, dip sample (Note 1) into solution in flask.
Smear the tip of the sampler in one of the concave secions of the slide.
Care should be taken in smearing the slide. If smear is too thick, light
transmission through sample is decreased making microscope viewing
difficult. If smear is too thin, then microscope viewing is also difficult.

Immediately cover with a cover slip and slide under viewing field of
microscope. The observation should be accomplished in less than 30

seconds. Otherwise, extended delay can cause false flocculate results. If
there is no flocculate, add the next increment of toluene and repeat the
process of A9.1, followed by A9.2.

Note I- A sampler can be made by holding a disposable glass pipet over
a bunsen burner flame. A small bead will form on the ,nJ which is
suitable for making the smears on the microscope slid,es.

A9.3 Flocculate can be described as an agglomerate of particles or
clusters that are insoluble. Flocculation occurs as the concentration of

non-polar solvent (dodecane) reaches ra critical point (the endpoint) where I
solute particles can no longer remain dissolved in the polar/non-polar i
solution, thus, these particles begin to precipitate from the solution. In
the course of the titration, as the endpoint is approached, particles may
appear at the edge of the glass slide. However, a true endpoint is not
reached until clusters of floc particles are present throughout the
solution. These clusters may be dispersed throughout the solution or A
create a 'carpet-like appearance in the solution.

The degree of flocculation and the appearance and size of the floc

particles may vary from sample to sample. Thus, consistency must be
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maintained in defining the endpoint where flocculation occurs It is
critical that the operator be consistent in defining this endpoint.

A9.4 After observing flocculation in the microscope, a spot test

should be conducted as follows :

Fill a dessicator with about 1/2 inch of 50 : 50 toluene / n- dodecane by

volume mixture but below the level of the porcelain plate.

Note 2- This is to ensure that the dessicator chamber is filled with

the same solvent fumes as the test solvents.

Place a 7.0 cm medium filter paper or a Whatman No. 50 filter paper on

the porcelain plate. Thoroughly stir the the asphalt solvent mixture with

a glass rod and place one drop on each of two places approximately 4 cm
apart and immediately cover the dessicator.

If flocculation has occurred on the filter paper, the flocculate will adhere

to paper where the spot was placed while the liquid spreads away from
the spot. This appears as a dark spot (flocculate) in the center of a

lighter brown ring. If flocculation hts not occurred, only a relatively

uniform light brown spot will develop and no center dark spot will be

observed.

This test is used to verify flocculation results when observed with the

microscope. If spot test and microscope observations of flocculation do
not agree, both tests should be rerun at that increment of n-dodecane
with the same combination of bitumen, toluene, and n-dodecane.

A1O.0 CALCULATIONS.

A 10. 1 Calculate S, T, FR,DR, and (I / DR) for each of the five sample

points at flocculation.

FR=A/D

,,17
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DR= D/B

DR-1 = I /DR

Where

S ml of polar solvent (toluene) per gram of sample

A = ml polar solvent.
I.)

5 = weight of sample in grams

T = ml of non-polar solvent (n-dodecane) per gram of sarnple.

C = ml of non-polar solvent.

FR = flocculation ratio.

0 = sum of polar and non-polar solvents.

DR dilution ratio.

A I1 .O REPORT.

A 1 1. 1 A plot of flocculation ratio (FR) versus dilution ratio (DR)
should yield a curved line as shown in Figure Cl(a).

At 1.2 A plot of flocculation ratio (FR) versus the inverse of the
dilution ratio (DR- ) should yield a straight line as shown in Figure
Cl(b).

A 1 1.3 PLotting S versus T should result in a straight !me as shown in
Figure C2.

A 1 1.4 Results are presented in a tabular form showinKq the following
parameters

Pa= asphaltene peptizabilIty.
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'4.

Po = peptizing power of the maltenes.

P = the state of peptization of an asphaltene dispersion

Xmin = minimum volume of non-polar solvent required to precipitate

asphal tenes.

To = Xmin.

cot0=T/S from Figure C2.

The mathematical relationships between the above parameters are
described below -

Pb= ( I -FRmax)

Po = FRmax ( I + X min)

P=( I +rXmin)

cot = (T -TO ) / S

Where : FR ordinate intercept of the relationship FR versus DR-.

A linear regression of FR versus DR- should yield an P2 value greater
than 0.95.

A l 1.5 The report should contain a summary of results on the
parameters defined above. Testing personnel should make the plots during
or immediately after the procedure These curves offer the testing
personnel a self-check mechanism on the technique.

A 12.0 PRECISION.

A 12.2 There is no precision statement at the present time. A rule
of thumb is that, for the same operator, a variation of 5 percent or less in
the same parameter between separate rins on the same material is
usually acceptable.
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A 13.0 TITRATION GUIDE.

A 13.1 This is a guide to assist the operator as to when
flocculation can be expected for n-dodecane titrations. It is only a guide.
For a more accurate estimate, it is advisable to perform a dry run using a
1.0 ml toluene and I.Og asphalt sample to give a bracket range of the
endpoint. The guide is generally a threshold volume below which
flocculation has not been observed. Tests should be made using
increments that approach the suggested limits.

The 0.5 ml toluene-asphalt sample generally requires longer to solvate
than the other samples. Therefore, it is recommended that while the 0.5
ml sample is being stirred with the magnetic stirrer, the operator should
proceed to test the 1.0 ml and 2.0 ml toluene-asphalt samples which
generally require less than 30 minutes to solvate. After these two
samples have been tested, the operator can proceed with the 0.5, 4.0, and
6.0 ml samples.

TOLUENE
CONCENTRATION TITRATION

0.5 This material generally flocculates at about I ml less
n-dodecane than the 1.0 ml toluene-asphalt sample.

1.0 Add n-dodecane in 1.0 ml increments up to 2 0 ml total.
Check for flocculation. If no floc is formed ,•dd 05 ml
increrments of n-dodecane and observe for flocculation until
the volume of titrant is 3.0 mi. If no floc is nLserved, reduce
the titrant increments to 0.2 ml and continue

2.0 Approximately 1.0 ml more n-dodecane will Le required than

was used to produce floc for the 1.0 ml sample

4.0 Approximately 2.0 - 3.0 ml more n-dodecane will be required
than was used to produce floc for the 2.0 ml sample.

6.0 Approximately 2.0 - 4.0 ml more n-dodecane will be required
than was used to produce Hoc for the 4.0 ml sample,
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Note. If at anytime floc particles appear at the edges of the slide,
reduce increments to 0. 1 ml additions. Modifiers generally require
considerably more titrant to flocculate and asphalts subjected to RTFO

and other recovered binders generally require less.

REFERENCES

1. This test procedure is under the jurisdiction of the Engineering and
Services Laboratory, Air Force Engineering and Services Center, Tyndall AFB,
FL 32403.

2. 1985 Annual Book of ASTM Standards, Volume 4.03.

3. Heithaus,J.J., "Measurement ond Significance of Asphiltene
Peptization-. Symposium on Fundamental Nature of Asphalt Presented
before the Division of Petroleum Chemistry, American Chernical Society, New

York, September, 1960.

4. Waxman, M.H., Deeds, C.T., and Closman, P.J., "Therrnot A1terations of
Asphaltenes in Peace River Tars". Society of Petroleum Engineers of AIME,
SPE 9510, September, 1980, pp 1-20. Paper presented at 55th Annual Fall
Technical Conference and Exhibition of the Society of Petroleum Engineers of

AIME, Dall,5s, Texas, Senterriber 21-2,4, 1950
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Figure C1(a). Flocculation Ratio versus Dilation Ratio.
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Figure Cl(b). Flocculation Ratio versus Inverse of Dilution Ratio.
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Figure C2. Asphaltene Solubility Test Results.
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HEITHAUS TEST METHOD

FLOW CHART

NO-OLAR SOLVENT
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LINEAR REGRESSION

HEITI{AUS SOLUBILITY WAXJ4AN SOLUBILITY
RESULTS SAPLE I.D. RESULTS

b b-

r: r=

r2= r2 ,

FR v. OR 1  S vs. T

0.01 1.0

0.11.5

0.2 2.0

0.3 2.5

0.4 3.0

0.5 3.5

1.0 4.0

4.5

X Min. lb/al 5.0

Pa I a -a

P I + x min. cot 0 Ab =

P0 P " a To la/bi =

CALCULATIONS CHECKEO by

Note: a = vertical axis intercept

b = slope
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I

IflETTIIAUS TEST

Date Sample I.D. Polar Solvent O
Proj. _ N-Polar #
Tsd. by Flask I.D. N-Polar Solvent

Weight of Flask + Sample gill

Weight of Flask gm
Weight of Samole gm

Volume Polar Solvent: ml

Volume Non-Polar Solvent: ml

BURET READINGS AMOUNT ADDED TOTAL REMARKS

CALCULATIO;NS:

S Vol. (Polar Solvent)/Weight of Sample
T - (N-Polar Solvent)/Weight of Sample
FR (Polar Solvent)/Vol. (Polar + N-Polar Solvents)
DR +( " N - Polar Solvents)/Wgt. of Samiple
I/DR

Calculations Checked by:
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APPENDIX D
MODIFIED LOS ANGELES ABRASION

Florida Method of Test
for

RESIST.'NCE TO ABRASIGN OF SMALL SIZE COARSE ACCRECATE BY
USE OF TIE LOS .ASCELS M,.c•INE

Designation: P1i 1-T 096

1. SCOPE

1.1 This method covers a procedure for testing sizes of coarse aggregate
smaller than 37.5 mm (1 1/2 in.) for resistance to abrasion using the

Los Angeles testing machine.

1.2 Section 8, Modified Los Angeles Abrasion Test. has been added to AASHTO

T 96. This modification shall be used with ti~htweieht Ex-ended Agare-
gate for Bituminous Construction.

j Note 1: A procedure for testing coarse aggregate larger than 19.0 cm (3/4 in.)
is covered in the Method of Test for Resistance to Abrasion of Large
Size Coirse Aggregate by the Los Angeles Uachine (ASTH C 535).

2. DEfSCrPITION OF TERMS

2.1 Constant Mass - Test samples dried at a temperature of 110 + 5 C (230 +
9 F) to a condition such that it will not lose more thin 0.1 percent
moisture after 2 h of drying. Such a condition of dryness can be verified
by weighing the sample before and after successive 2 h drying periods. In
lieu of such a determination, samples may be considered to have reached
constant mass when thay have been dried at a temperature of 110 + 5 C

(230 + 9 F) for an equal or longer period than that previously found ade-
quate for producing the desired constant mass condition under equal or

neavier loading conditions of the oven.

3. APPARATUS

3.1 Los Angeles Machine - The Los Angeles abrasion testing machine equipped
Witn a coamnter and coniorming in all its essential charac eristics to tlhe

design shown in Fig. 1, shall be used. The machine shall consist of a
hollow steel cylinder, closed at both ends, having an inside diameter of
.711 + 5 mm (28 + 0.2 in.) and an inside length of 508 + 5 mm (20 + 0.2
in.). The cylinder shall be mounted on stub shafts attached ta th-e ends
of the cylinder but not entering it, and shall be mounted in soch a man-
ner that it may be rotated with the axis in a horizontal position within
a tolerance in slope of I in 100. An opening in the cylinder shall be
provided for the introduction of the test sample. A suitable, dubt-tLght
cover shall be provided for the opening with means for bolting the cover

in place. The cover shall be so designed as to maintain the cylindrical
contour of the interior surface unless the shelf is so located that the
charge will not fall on the cover, or come in contact with it during the

test. A removable steel shelf extending the full length of the cylinder

5,
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Lnd projecting in-.ard 89 + 2 = (3.5 - 0.1 in.) shall be mounted on the
interior cylindrical surface of the cylinder, or on the inside surface of

the cover, in such a way that a plane centered between the large faces

coincides with an axial plane. The shelf shall be of such thickness and

so mounted, by bolts or other suitable means, as to be firm and rigid.

The position of the shelf snall be such that the distance from the shelf

to the opening, measured along the outside circumference of the cylinder

in the direction of rotation, shall be not less than 1.27 a (50 in.).

Note 2: The use of a shelf of wear-resistance steel, rectangular in cross-

section and mounted independently of the cover, is preferred. How-
ever, a shelf consisting of a section of rolled angle, properly

mounted on the inside of the cover place, may be used provided the

direction of rotation is such that the charge uill be caught on the

outside face of the angle. If the shelf becomes distorted from its

original shape to such an extent that the requirenents given in A-.2
of the Appendix to this method are not met, the shelf shall either

be repaired or replaced before additional abrasion tests are made.

3.2 Sieves - Conforming to the Specifications for Vyire-Cloth Sieves for Test-
ing Purposes (PASHTO H 92).

3.3 Balance - The balance shall conform to AASHTO M 231, Class E.

3.4 Oven - The oven shall be canable cf maintaining a uniform temperature of

110 + 5 C (230 + 9 F).

4. ABPSSIVE CHARGE

4.1 The abrasive charge shall consist of steel spheres averaging approximately
46.8 mm (1-27/32 in.) in diameter and each weighing between 390 and 445 g
(Note 3).

4.2 The abrasive charge, depending upon the grading of the test canple as de-
scribed in Section 4, shall be as follovs:

Number of Mass of

Grading Spheres Change, g

A 12 5:100 + 25
B 11 4534 + 25
C 8 3330 + 20

D 6 2500 + 15

Note 3: Steel ball bearing 46.0 mm (1-13/16 in.) and 47.6 mm (1-7/8 in.)

diameter, weighing approximately 400 to 440 g each, respectively,

are readily available. Steel spheres 46.8 mm (1-27/32 in.) in dia-

mater weighing approximately 420 g may also be obtainable. The abra-

sive charge may consist of a mixture of these sizes conforming to

the veight tolerances of Paragraphs 4.1 and 4.2.
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* 5. TEST SALE

5.1 The Lest sao!1 shall consist of clean a~gre~aze represen:ative of the
r_%erial un6sr test. I! the aggregate is dirty or coated, wash until

clean (Note 5). The ate shall be dried Co constant mass (see Sec-
tion 2), serarated inco individual size fractions, and recombined to the

grdng of able 1 :cst nearly co:responding the the range of sizes in

the aggregate as furnished for the work. The mass of the sample prior to

test shall be recorded to the nearest 5 g.

6. ?OCEDUR.!

9 6.1 The test sample and the abrasive charge shall be placed in the Los Angeles
abrasion testing machine and the machine rotated at a speed of 30 to 33 rpm
for 500 + 1 revolutions. The machine shall be so driven and so counte:-
balanced as to maintain a substantially uniform peripheral sneed (Note 4).
After the prescribed number of revolutions, the material shall be dis-
chareed from the machine, and a preliminary separation of the sample r-ade
on a 4.75 m;m sieve. The finaer ;,or: ion nhall then bc sie'ed on a 1.70 m'n
(No. 12) sieve in a manner conforcing to Section 5.1 of AASHTO T 27, Meth-
od of Test for Sieve Analysis of Fine and Coarse Aggregates. The
material coarser than the 1.70 mm sieve shall be washed, dried to a con-
stant mass (see Section 2), and weighed to the nearest 5 g (Note 6).

, Note 4: Back-lash or slip in the driving mechanism is very likely to furnish
test results which are not duplicated by other Los Ahgeles abrasion
machines producing constant peripheral speed.

Note 5: If the aggregate is essentially free from adherent coatings and dust,
the requirement for washing before and after test may be waived.
Elimination of washing after test will seldom reduce the measured
loss by more than about 0.2 percent of the original sample mass.

Note 6: Valuable information concerning the uniformity of the sample under
test may be obtained by dete7:-ining the less after 100 revolutions.

This lose should be determined without washing the material coarser
than the 1.70 mm sieve. The ratio of the wash after 100 revolutions
to the loss after 500 revoluatlons should not greatly exceed 0.20 for
material of uniform hardness. When this determination is made, care
s'.ould be tt;.n to avoid !esing •ny part of the S .i!e; the cntire
sample, including tha dust of abrasion, shall be returned to the
testing machine for the final 400 revolutions required to complete

the test.

7. CALCULATION

7.1 The difference between the original cass and the final mass of the test I
sample shall be expressed as a percentage of the original =as of the test
sample. This value shall be ruported as the percentage of 'w-ar (Note 7).

Note 7: The percentage of wear determined by this method has no known consis-
tent relationship to the percentage of wear for the sane material
when tested by AST.I C 535.
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TABLE D1. GRADING OF TEST SAMPLES

.ass of Indicated Sizes, s
Sieve Sz-e Grading

Passing Retained on A B C D

37.5 (1-1/2 in.) 25.0 (1 n.) 1 250 + 25 .

25.0 (1 in.) 19.0 (3/4 in.) 1 250 + 25 ---

19.0 (3/4 in.) 12.5 (1/2 in.) 1 250 + 10 2 500 + 10
12.5 (1/2 in.) 9.5 (3/8 in.) 1 250 + 10 2 500 ' 10 - -

9.5 (3/8 in.) 6.3 (1/4 in.) -- --- 2 500 + 10 -

6.3 (1/4 in.) 4.75 (No. 4) - - 2500 + 10 --

4.75 (Wo. 4) 2.36 (No. 8) ..--- --- 5 000 + 10

Total--------------- 5 000 + 10 5 000 + 10 5 000 + 10 5 000 + 10

Direction of \-Steel Wall ½" Thick

o Rotation

',-Gasket -Gasket

J Filler Plate of Same
-Thickness As Gasket

"Filler Plate Thicknessii6" x 4" x ½" " ½" + Thickness of Gasket
Angle Shelf

Steel Shelf
711" x V Plate Cover - I" x y" Plate Cover

Alternate Design Preferred Design of •Not Less Than 50'
of Angle Shelf Plate Shelf and Cover I Measured On

0,, ...... Outside of Drum
20...... .... .Rolled Steel Sides ...-

S. .. . '1' Not Less Than ½" Thick V 7..•-" •

Suggested Motor " Opening. I '
Not Less Than I h. Iep " I ..'..••• - • .- ,_r;{" .L% "/ \

'Direction of~. : \Z~.
Gasket :" Rotation " "

Shaft Beari ng.I .
___ _ .. ...__ I \Mounted On °

Concrete Pier, Concrete Pier
or Other Rigicf.. '

• Catch Pan For Specimen upport

Metric Equivalents
in 1/4 1/2 1 3 1/2 4 6 7 1/2 20 50 1 hp
mm 6.4 12.7 25.4 89 102 152 180 508 1270 746 W

Figure D1. Los Angeles Abrasion Testing Machine.
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6. MODIFIED LOS AkGELES A3ASIOX 7£5T

8.1 This modifkcation s'all be used wich Li;.hc-eght E×xandze Aggregate
Bite=.inous Cors:ruction.

8.2 De:e-=ine the dry-loose unit veight (UL) of the lightweight aggregate

8.3 Assume the average unit weight of conventional aggregate to be 90 pcf

8.4 Reduce the lightweight aggregate sample by the follo-ing formula:

Where: UL - loose unit weight of lightweight aggregate in pcf,

C - weight of conventional aggregate required for grading in

standard test methods.

X = reduced lighzueight a7gregate sample charge.

8.5 Reduce the abrasive charge by the following formula:

UL = XI90 C1

V.nere: UL = loose unit weight of lighzweight aggregate in pcf,

Cl = weight of abtatýive charge required for grading in standar
test methods,

XI = reduced abrasive charge for lightweight aggregate.

8.6 Proceed according to standard test method.

Note 8: This modification is necessary for lightweight aggregate to avoid

excessive volume of material in the testing machine.

Note 9: Since it is usually impossible to obtain the exact tb-a:;ive charge

with the steel balls available, obtain the closest, tbrjaive charge

possible to the reduced value and then adjust the weidht of the sam-

ple in proportion to the new abrasive charge.
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ATTACHMENT

AU. !ý.INTAiNENCE OF S"ELF

A1.1 The shelf of the Los Angeles 13:!hi-e !s subject to severe surface wear

and iaaacc. Wich use, the wcr;ing surface of the shelf is peened by the

balls and tends to develop a ridge of aeral parallel to and about 32
(1-1/4 in.) from the junction of the shelf and the inner surface of the

cylinder. If the shelf is rade from a section of rolled angle, not only

may this ridge develop but the shelf itself may be bent longitudinal or

transversely from its proper position.

A-.2 The shelf should be inspected periodically to determine that it is not
bent either lengthwise or from its no=na! radial position with respect to

the cylinder. If either condition is found, the shelf shouid be repaired

or replaced before further abrasion tests are made. The influence on the

test result of the ridge developed by peening of the working face of the

shelf is not known. However, for uniform test conditions, it is recoamen-

ded that the ridge be ground off if itn height cxce.eds 2 (0.1 in.).
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Tenzative Addition te F- I-T 096,
R-ESISTANCE TO ABRASION OF SIZE COAR.SE iGGREGATE

BY USE OF ThE LOS ANGELES ".AC..I

SCOPE

1.3 Section 10, Modified Los Angeles Abrasion Test - Fine Aggregace has also
been added to FM 1-T 096.

10. MlODIFIED LOS ANXGEL-S ABRASION TEST - Fine Azgregate

10.1 Abrasive Cha~ee - Six szeel spheres as for grading D ane cc.r- T.-ving to 4.
shall be used.

10.2 Test Samle - The test sample shall be prepared as in 5.1 eice-p that

Table II below shall be used instead of Table 1. Additionally, in 5.1,
delete the second sentence including the reierence tc Ncte S.

Sample is to be washed.

TABLE D2. GRADING OF TEST SAMPLES--FINE AGGREGATE

Mass of indicazec Sizes, g

Sieve Size Grading'

.Passing Retained On

4.75 (No. 4) 1.18 (No. 16) 5000 + 10 ---

1.18 (No. 1b) 0.600 (No. 30) 5000 - 10

10.3 Procedure - ?rocedure is the same as 6.1 exceot that a 0.300 N.- 1k'. 50)
s-ve shall !e used instead of a 1.70 nm (No. 12) sieve for sivinc.

10.4 Calculation - Determine the percentage of wear as in 7.1.
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